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Description

CROSS-REFERENCES TO RELATED APPLICATIONS

BACKGROUND

[0001] A conventional smoke or carbon monoxide
alarm likely provides no indication that a hazardous con-
dition is present until a loud alarm is sounded. Such an
arrangement may be annoying to a user when the alarm
has been triggered accidentally. For example, a small
amount of smoke generated by cooking may be enough
to trigger a smoke alarm to sound. The user may then
have to remedy the condition that caused the alarm by
airing out the room in which the smoke alarm is located
to clear the smoke and/or by actuating a button on the
alarm to silence it. Further, the user may be left guessing
as to whether the remediation actions being taken by the
user are sufficient to alleviate the conditions that initially
triggered the alarm to sound.
[0002] US 2004/0140892 discloses an alarm system
with the capability to self-adjust of self-calibrate itself.
The system includes an alarm controller and at least one
sensor that generates a signal that corresponds to the
magnitude of a detected event.

FIELD

[0003] This document relates to systems, devices,
methods, and related computer program products for
smart buildings including the smart home. More particu-
larly, this patent specification relates to detection units,
such as hazard detection units (e.g., smoke detectors.
carbon monoxide sensors, etc.) or other monitoring de-
vices, that are useful in smart building and smart home
environments.

SUMMARY

[0004] According to the invention there is provided a
method for detecting a hazardous condition and a hazard
detector as defined in the appended claims.
[0005] Methods, systems, devices, apparatuses, and
processor-readable mediums are presented for alerting
users to easing hazardous conditions. Once a threshold
level of a hazardous condition has been realized (e.g.,
smoke, carbon monoxide), a hazard detector may mon-
itor for the hazardous condition to drop below a (same
or different) threshold level. Once the drop occurs an
amount of time may be waited. Once a defined time pe-
riod has elapsed and the hazard condition has not risen
above a threshold level, an indication may be output that
indicates the hazardous condition is easing. The defined
time period may be based on various factors, including
the type of hazard, readings from other hazard detectors,
and/or a measured humidity level to name only a few
examples.
[0006] In some embodiments, a method for detecting

that a hazardous condition is easing is presented. The
method may include measuring, by a hazard detector, a
first amount of the hazardous condition present in an am-
bient environment of the hazard detector. The method
may include setting, by the hazard detector, a mode of
the hazard detector to a state indicative of the hazardous
condition being present in the ambient environment of
the hazard detector. The method may include measuring,
by a hazard detector, a second amount of the hazardous
condition present in the ambient environment of the haz-
ard detector, the second amount of the hazardous con-
dition being less than the first amount of the hazardous
condition. The method may include determining, by the
hazard detector, that the second amount of the hazard-
ous condition present in the ambient environment of the
hazard detector is below a threshold hazardous condition
level while the mode of the hazard detector is set to the
state indicative of the hazardous condition being present.
The method may include tracking, by the hazard detector,
a time period during which the amount of the hazardous
condition present in the ambient environment of the haz-
ard detector has remained below the threshold hazard-
ous condition level while the mode of the hazard detector
is set to the state indicative of the hazardous condition
being present. The method may include determining, by
the hazard detector, that the time period has reached at
least a threshold duration, during such time period the
amount of the hazardous condition present in the ambient
environment of the hazard detector having remained be-
low the threshold hazardous condition level while the
mode of the hazard detector is set to the state indicative
of the hazardous condition being present. The method
may include outputting, by the hazard detector, an indi-
cation of the hazardous condition easing in response to
the time period being at least the threshold duration.
[0007] Such embodiments may include one or more of
the following features: An auditory indication may be out-
put that comprises a spoken message indicative of the
hazardous condition easing. The spoken message indic-
ative of the hazardous condition easing may include a
spoken indication of a name of a room in which the haz-
ardous condition is easing. The method may include set-
ting, by the hazard detector, the mode of the hazard de-
tector to a second state indicative of the hazardous con-
dition not being present in the ambient environment of
the hazard detector in response to determining that the
time period has reached at least the threshold duration.
The method may include determining, by the hazard de-
tector, the threshold duration based on a type of the haz-
ardous condition. The hazardous condition may be se-
lected from the group consisting of: smoke and carbon
monoxide. The threshold duration may vary based on
whether the hazardous condition is smoke or carbon
monoxide. The method may include determining, by the
hazard detector, one or more event characteristics of the
hazardous condition. The method may include determin-
ing, by the hazard detector, the threshold duration based
on the one or more event characteristics of the hazardous
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condition. The method may include receiving, by the haz-
ard detector, from one or more hazard detectors located
in other rooms of a structure in which the hazard detector
is installed, information indicative of the hazardous con-
dition. The method may include determining, by the haz-
ard detector, the threshold duration based on the re-
ceived information indicative of the hazardous condition
from the one or more hazard detectors located in other
rooms of the structure in which the hazard detector is
installed. The method may include measuring, by the
hazard detector, a humidity level in the ambient environ-
ment of the hazard detector. The method may include
determining, by the hazard detector, the threshold dura-
tion based on the measured humidity level. The method
may include sounding, by the hazard detector, an audi-
tory alarm, indicative of the hazardous condition being
present in the ambient environment of the hazard detec-
tor.
[0008] In some embodiments, a non-transitory proces-
sor-readable medium for a hazard detector is presented.
The medium may include processor-readable instruc-
tions configured to cause one or more processors of the
hazard detector to perform any or all of the above steps
detailed in relation to the methods.
[0009] In some embodiments, a hazard detector is pre-
sented. The hazard detector may include a hazard sen-
sor that measures amounts of a hazardous condition
present in an ambient environment of the hazard detec-
tor. The hazard detector may include an output device
that outputs information into the ambient environment of
the hazard detector. The hazard detector may include a
processing system that comprises one or more proces-
sors, the processing system being in communication with
the output device and the hazard sensor. The processing
system may be configured to receive a first measurement
of the first amount of the hazard present in the ambient
environment of the hazard detector. The processing sys-
tem may be configured to set a mode of the hazard de-
tector to a state indicative of a hazardous condition being
present in the ambient environment of the hazard detec-
tor. The processing system may be configured to receive
a second measurement of a second amount of the haz-
ardous condition present in the ambient environment of
the hazard detector, the second amount of the hazardous
condition being less than the first amount of the hazard-
ous condition. The processing system may be configured
to determine that the second amount of the hazardous
condition present in the ambient environment of the haz-
ard detector is below a threshold hazardous condition
level while the mode of the hazard detector is set to the
state indicative of the hazardous condition being present.
The processing system may be configured to track a time
period during which the amount of the hazardous condi-
tion present in the ambient environment of the hazard
detector has remained below the threshold hazardous
condition level while the mode of the hazard detector is
set to the state indicative of the hazardous condition be-
ing present. The processing system may be configured

to determine that the time period has reached at least a
threshold duration, during such time period the amount
of the hazardous condition present in the ambient envi-
ronment of the hazard detector having remained below
the threshold hazardous condition level while the mode
of the hazard detector is set to the state indicative of the
hazardous condition being present. The processing sys-
tem may be configured to cause the output device to
output an indication of the hazardous condition easing in
response to the time period being at least the threshold
duration.
[0010] In some embodiments, a hazard detector ap-
paratus is presented. The apparatus may include means
for measuring a first amount of the hazardous condition
present in an ambient environment of the hazard detec-
tor. The apparatus may include means for setting, a mode
of the hazard detector to a state indicative of the hazard-
ous condition being present in the ambient environment
of the hazard detector. The apparatus may include
means for measuring a second amount of the hazardous
condition present in the ambient environment of the haz-
ard detector, the second amount of the hazardous con-
dition being less than the first amount of the hazardous
condition. The apparatus may include means for deter-
mining that the second amount of the hazardous condi-
tion present in the ambient environment of the hazard
detector apparatus is below a threshold hazardous con-
dition level while the mode of the hazard detector is set
to the state indicative of the hazardous condition being
present. The apparatus may include means for tracking
a time period during which the amount of the hazardous
condition present in the ambient environment of the haz-
ard detector apparatus has remained below the threshold
hazardous condition level while the mode of the hazard
detector is set to the state indicative of the hazardous
condition being present. The apparatus may include
means for determining that the time period has reached
at least a threshold duration, during such time period the
amount of the hazardous condition present in the ambient
environment of the hazard detector having remained be-
low the threshold hazardous condition level while the
mode of the hazard detector is set to the state indicative
of the hazardous condition being present. The apparatus
may include means for outputting an indication of the
hazardous condition easing in response to the time pe-
riod being at least the threshold duration.

BRIEF DESCRIPTION OF THE DRAWINGS

[0011] A further understanding of the nature and ad-
vantages of various embodiments may be realized by
reference to the following figures. In the appended fig-
ures, similar components or features may have the same
reference label. Further, various components of the same
type may be distinguished by following the reference la-
bel by a dash and a second label that distinguishes
among the similar components. If only the first reference
label is used in the specification, the description is appli-
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cable to any one of the similar components having the
same first reference label irrespective of the second ref-
erence label.

FIG. 1 illustrates an embodiment of a hazard detector
for detecting an easing of a hazardous condition.

FIG. 2 illustrates an embodiment of another hazard
detector for detecting an easing of a hazardous con-
dition.

FIGS. 3A, 3B, and 3C illustrate embodiments of var-
ious state flows of a hazard detector that detects an
easing of a hazardous condition.

FIG. 4 illustrates an embodiment of a method for
detecting an easing of a hazardous condition.

FIG. 5 illustrates an embodiment of a method for
detecting an easing of a hazardous condition that
varies a time period used in determining when to
make an announcement indicating that the hazard-
ous condition has eased.

FIG. 6 illustrates an embodiment of a method for
determining a threshold duration value to use in as-
sessing whether a hazardous condition has eased.

FIG 7 illustrates an embodiment of a method for us-
ing a pre-alarm state of a hazard detector to alert a
user to the presence and easing of a hazardous con-
dition.

FIG. 8 illustrates an example of a smart-home envi-
ronment within which one or more hazard devices
can be installed.

FIG. 9 illustrates a network-level view of the exten-
sible devices and services platform with which a haz-
ard detector may be integrated.

FIG. 10 illustrates an embodiment of an abstracted
functional view of the extensible devices and serv-
ices platform of FIG. 9, with reference to a processing
engine as well as devices of the smart-home envi-
ronment.

FIG. 11 illustrates an embodiment of a computer sys-
tem.

FIGS. 12-18 represent various illumination states
and audio messages that may be output by a hazard
detector.

FIG. 19 illustrates a chart indicative of various situ-
ations in which pre-alert messages and sounds may
be silenced and situations in which messages and
sounds cannot be silenced.

FIG. 20 illustrates an exemplary situation of when a
heads-up (pre-alert) state is used prior to an alarm
(emergency) state.

DETAILED DESCRIPTION

[0012] Conventional hazard alarms typically make a
loud noise when a hazardous condition, such as smoke
or carbon monoxide, is detected. Oftentimes, the haz-
ardous condition is not dangerous enough for a user to
abandon the structure. Rather, the user may take steps
to ameliorate the hazardous condition. For instance, if
the user burned food on a stove, the user may open a
window and turn on a fan or wave a towel to circulate air.
As another example, if a small fire has started, the user
may douse it with water. A conventional hazard alarm
may continue making noise until the hazardous condition
is no longer detected or the user pushes a button on the
alarm to silence the alarm.
[0013] Rather than having a hazard detector have only
binary states (i.e., alarm on or off), embodiments detailed
herein describe hazard detectors that can inform users
of not only when a hazardous condition is present, but
when that hazardous condition is rising and/or easing.
Such information may be useful to a user in deciding
whether to evacuate a structure and/or in determining if
steps the user has taken to ameliorate the hazard are
helping to dissipate the hazardous condition.
[0014] When embodiments of a hazard detector as de-
tailed herein make an announcement (which may involve
sound and/or light) as to a hazardous condition easing,
various factors may be evaluated to determine when
such an announcement should be made, including: the
type of hazard, the humidity, characteristics of the de-
tected hazard, and/or the number of hazard detectors
that have detected the hazardous condition. Other fac-
tors are also possible. Based on such factors, the hazard
detector may determine if the hazard has been easing
for a sufficient period of time to announce that the haz-
ardous condition appears to be decreasing or has dissi-
pated completed.
[0015] Further, the ability to inform a user that a haz-
ardous condition is easing may be used in conjunction
with a multi-state hazard detector. Rather than having
the hazard detector have only two alarm states, such as
alarm and non-alarm, a hazard detector may have three
or more states: non-alarm (in which the hazard detector
monitors the ambient environment for hazards), pre-
alarm (the hazard detector detects a small amount of a
hazard, the amount of the hazard being insufficient to
sound the full alarm), and alarm (the hazard detector’s
alarm sounding for a greater amount of the hazard being
detected). Such a pre-alarm state may inform a user that
the alarm is going to sound soon if the hazardous con-
dition keeps getting worse. Such a pre-alarm state may
allow a user time to ameliorate the hazardous condition
before having a full alarm sound. When the state of the
hazard detector is downgraded, an announcement as to
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the easing of the hazardous condition may be made.
[0016] FIG. 1 illustrates an embodiment of a hazard
detector 100 that can detect an easing of a hazardous
condition. Hazard detector 100 may include: processing
system 110, hazard sensor 120, and output device 130.
Processing system 110 may include one or more proc-
essors that execute various modules. Such modules may
be implemented using software or firmware. Alternative-
ly, such modules may be implemented directly as special-
purpose hardware. Processing system 110 may include
two processors. One processor may serve as a low-level
processor that handles safety-critical tasks, such as re-
ceiving data from hazard sensor 120 and sounding an
alarm when the hazard reaches a threshold amount. An-
other processor may serve as a high-level processor that
handles usability functionality, such as providing a user
with spoken messages, detecting gestures, and commu-
nicating with a wireless network. These processors may
communicate with each other and other components of
hazard detector 100 to function as processing system
110. In some embodiments, the low-level processor may
be capable of functioning independently of the high-level
processor. For example, if the high-level processor be-
comes non-functional, the low-level processor may still
be able to sound an alarm if a hazard is detected.
[0017] Hazard sensor 120 may detect one or more
types of hazards. Hazard sensor 120 may detect smoke
(as a signal that fire is present) or carbon monoxide, as
two examples. Hazard sensor 120 may provide process-
ing system 110 with an indication of an amount of a haz-
ard detected in the ambient environment of hazard de-
tector 100. Processing system 110 may be configured to
analyze the indication of the amount of the hazard de-
tected by hazard sensor 120.
[0018] Hazard monitor engine 112 of processing sys-
tem 110 may receive indications of the amount of a haz-
ard detected in the ambient environment of hazard de-
tector 100 from hazard sensor 120. Hazard detector 100
may be configured to be set into multiple states, such as
detailed in relation to FIGS. 3A-3C. Based upon the com-
parison to one or more threshold values, hazard monitor
engine 112 may provide input to state engine 111, which
may track which state hazard detector 100 is currently
in. For instance, when a first threshold value is exceeded,
state engine 111 may be set to a pre-alarm state. If a
second threshold value of detected hazard is exceeded,
state engine 111 may be set to an alarm state.
[0019] Hazard monitor engine 112 and state engine
111 may be in communication with messaging engine
113. Messaging engine 113 may determine one or more
auditory and/or visual messages to be output to a user
based upon input from state engine 111 and/or hazard
monitor engine 112. For instance, when messaging en-
gine 113 determines that the state of hazard detector 100
has entered a pre-alarm state, messaging engine 113
may cause output device 130 to provide an auditory
and/or visual indication to a user that the amount of a
hazard in the environment is rising. When messaging

engine 113 determines that the state of hazard detector
100 has exited an alarm state or a pre-alarm state, mes-
saging engine 113 may cause output device 130 to pro-
vide an auditory and/or visual announcement to a user
that the amount of a hazard in the environment is easing.
[0020] Output device 130 may be configured to output
light or sound into the ambient environment of the hazard
detector. Output device 130 may be a speaker that is
capable of outputting human speech. Output device 130
may alternatively be one or more lights that can output
one or more colors and one or more animation patterns.
In some embodiments, multiple output devices are
present, such as to output light and sound to indicate a
pre-alarm state, an alarm state, and/or when a hazardous
condition has eased.
[0021] FIG. 1 illustrates a simplified embodiment of
hazard detector 100. It should be understood that multi-
ple hazard sensors and/or multiple output devices may
be present in other embodiments. For example, FIG. 2
illustrates an embodiment of hazard detector 200 for de-
tecting an easing of a hazardous condition. Hazard de-
tector 200 represents a more detailed embodiment that
includes a greater number of components and modules.
In hazard detector 200, various components may be
present including: processing system 110, light sensor
255, light 245, carbon monoxide sensor 121, smoke sen-
sor 122, battery-based power source 210, wireless com-
munication module 230, user input component 222,
structure power source 220, presence detector 250, mi-
crophone 260, audio output device 240, humidity sensor
241, and temperature sensor 265.
[0022] Processing system 110 of hazard detector 200
may include multiple submodules. Such submodules
may be implemented using hardware, firmware, and/or
software that is executed by underlying hardware, such
as one or more processors. Such modules may include:
state engine 111, hazard monitor engine 112, messaging
engine 113, hazard thresholds 114, time period monitor
115, and time period decision data 116. For instance,
such modules may represent code that is executed by a
high-level processor and/or a low-level of hazard detector
200.
[0023] Hazard monitor engine 112 may receive indica-
tions of the amount of a hazard detected in the ambient
environment of hazard detector 200 from carbon mon-
oxide sensor 121 and smoke sensor 122. State engine
111 of hazard detector 200 may be configured to be set
into multiple states, such as detailed in relation to FIGS.
3A-3C. Based upon the comparison to one or more
threshold values from hazard thresholds 114, hazard
monitor engine 112 may provide input to state engine
111 and/or messaging engine 113.
[0024] Hazard monitor engine 112 and state engine
111 may be in communication with messaging engine
113. Messaging engine 113 may determine one or more
auditory and/or visual messages to be output to a user
based upon input from state engine 111 and/or hazard
monitor engine 112. For instance, when messaging en-
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gine 113 determines that the state of hazard detector 100
has entered a pre-alarm state, messaging engine 113
may cause output device 130 to provide an auditory
and/or visual indication to a user that the amount of a
hazard in the environment is rising. When messaging
engine 113 determines that the state of hazard detector
100 has exited an alarm state or a pre-alarm state, mes-
saging engine 113 may cause output device 130 to pro-
vide an auditory and/or visual indication to a user that
the amount of a hazard in the environment is easing.
[0025] Hazard monitor engine 112 may compare the
received levels of a hazard to threshold values of stored
hazard thresholds 114. A first threshold value may be
defined to determine when state engine 111 should be
placed into a pre-alarm mode. A second threshold value
may be defined to determine when state engine 111
should be placed into an alarm mode. A third threshold
value may be defined to determine when state engine
111 should be returned from the alarm mode to the pre-
alarm mode or to a non-alarm mode and/or to determine
when the hazardous condition is easing. Such thresholds
present in hazard thresholds 114 may be selected based
on the type of hazard and/or other conditions.
[0026] Time period monitor 115 may be used in con-
junction with hazard monitor engine 112 to determine
when the state maintained by state engine 111 should
be decreased from an alarm mode to a pre-alarm mode
or to a non-alarm mode and/or when an announcement
should be made that the hazardous condition is easing.
For instance, it may be required that the amount of the
hazard detected in the environment of hazard detector
200 remain below a threshold amount stored by hazard
thresholds 114 for at least a period of time before the
state of the hazard detector is downgraded. The period
of time may vary based on multiple factors, such as the
type of hazard, the number of hazard detectors that de-
tected the hazard, characteristics of the hazard, and/or
humidity level detected by hazard detector 200. Time pe-
riod monitor 115 may monitor an amount of time for which
the detected hazard level as received by hazard monitor
engine 112 has remained below a threshold defined in
stored hazard thresholds 114. Time period monitor 115
may also determine the duration of the period of time by
accessing time period decision data 116 and assessing
one or more factors associated with the hazard. For in-
stance, time period monitor 115 may retrieve a prede-
fined duration for the period of time from time period de-
cision data 116 based on the type of hazard. This pre-
defined duration may be adjusted based on various pa-
rameters such as the humidity level in the ambient envi-
ronment of hazard detector 200. Time period decision
data 116 may contain indications of how the period of
time should be lengthened if the hazard has been detect-
ed by multiple hazard detectors located within a structure
in which hazard detector 200 is installed. Further, time
period decision data 116 may store information indicative
of how long the detected level of hazard is required to be
below the threshold value based on characteristics of the

detected hazard. For instance, the level of detected haz-
ard having increased rapidly may result in a different pe-
riod of time than if the level of detected hazard increased
slowly. Based upon analyzing the detected level of haz-
ard in the environment and time period decision data 116,
time period monitor 115 may determine when state en-
gine 111 should downgrade its state from alarm or pre-
alarm. Messaging engine 113 may output an indication
that the hazardous condition is easing based upon the
state of state engine 111 being downgraded or time pe-
riod monitor 115 directly informing messaging engine 113
that an indication of the condition easing should be out-
put.
[0027] Light sensor 255 detects the presence of light
in the ambient environment of hazard detector 100. Light
sensor 255 may detect a brightness level in the ambient
environment of hazard detector 200. Such a brightness
level may be affected by natural and artificial lighting.
Light sensor 255 may provide an indication of the bright-
ness level in the ambient environment of hazard detector
200 to processing system 110. Light 245 may represent
a light integrated into hazard detector 200 that outputs
light to the external environment around hazard detector
200. Light 245 may be controlled by processing system
110. Light 245 may include one or more lighting elements,
such as light emitting diodes (LEDs). Light 245 may be
capable of outputting various illumination modes that can
include: multiple colors, multiple animation patterns,
and/or such multiple animation patterns at varying
speeds. The at least one color, animation pattern, and
speed of animation output by light 245 may be deter-
mined based on a determination performed by process-
ing system 110. Therefore, based on conditions moni-
tored by processing system 110, light 245 may be illumi-
nated or disabled. When light 245 is illuminated, the one
or more colors, animation pattern, and/or speed of the
animation output by light 245 may vary based on a de-
termination performed by processing system 110.
[0028] Presence detector 250 may detect a presence
or motion within the ambient environment of hazard de-
tector 200. Presence detector 250 may include one or
more passive infrared (PIR) sensors and/or ultrasonic
sensors that receive infrared radiation (or reflected ultra-
sonic sound) from the ambient environment of the hazard
detector. For instance, a user walking or otherwise mov-
ing in the vicinity of hazard detector 200 emits infrared
radiation which may be detected by presence detector
250. In other embodiments, presence detector 250 may
use some other form of sensor than a PIR sensor. Pres-
ence detector 250 may provide an indication to process-
ing system 110 of when motion is present in the ambient
environment of hazard detector 200. More generally,
presence detector 250 may be a form of sensor that can
detect a user’s presence even if motionless. In some em-
bodiments, presence detector 250 outputs raw data that
is analyzed by processing system 110 to determine if
motion is present or a user is otherwise present. In some
embodiments, motion may be analyzed to determine if it
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likely corresponds to a person or is incidental (e.g., a pet,
an object being warmed by sunlight, etc.).
[0029] In hazard detector 200, two hazard sensors are
present: carbon monoxide sensor 121 and smoke sensor
122. In some embodiments, multiple versions of each of
these types of sensors can be present. For instance, an
ionization and a photoelectric smoke sensor may be
present in hazard detector 200. When carbon monoxide
sensor 121 senses carbon monoxide or smoke sensor
122 senses smoke, indication may be sent to a processor
of processing system 110. An indication of an alarm con-
dition may be transmitted to a low-level processor that
triggers an alarm to sound and/or a light color and/or
animation to be output by light 245. This low-level proc-
essor may trigger light 245 directly to illuminate in a state
indicative of a hazard or may provide input to a high-level
processor that is part of processing system 110 that trig-
gers a lookup of an illumination definition to determine
an appropriate color, animation, and/or speed of anima-
tion to use for illumination of light 245. Regardless of
whether the high-level or low-level processor is used, a
different color, animation, and/or speed may be used for
carbon monoxide as compared to smoke. In some em-
bodiments, both the low and high level processors are
capable of causing light 245 to illuminate.
[0030] Wireless communication module 230 may allow
processing system 110 to communicate with a wireless
network present within the structure in which hazard de-
tector 200 is installed. For instance, wireless communi-
cation module 230 may communicate with a wireless net-
work that uses the IEEE 802.11a/b/g network protocol
standard for communication. Wireless communication
module 230 may permit processing system 110 to com-
municate with a remote server, which may be maintained
by a manufacturer of hazard detector 200 or by a third-
party. The remote server may be configured to provide
information to processing system 110 about an account
of a user associated with hazard detector 200. For in-
stance, if an account of the user maintained at the remote
server requires attention from a user, such indication may
be provided to processing system 110 via wireless com-
munication module 230. Such indication may be provided
by the remote server in response to inquiry from process-
ing system 110 made to the remote server. Further,
processing system 110 may transmit status information
to a remote server. Such an arrangement may permit a
user to view status information about the hazard detector
by logging in to the remote server via a computing device
and accessing the user account.
[0031] Wireless communication module 230 may also
permit direct connection with a wireless computerized
device. For instance, wireless communication module
230 may create a wireless area network (e.g., WiFi net-
work) that a computerized wireless device, such as a
tablet computer or smartphone, can connect with. Once
connected, messages may be exchanged between
processing system 110 (via wireless communication
module 230) and a wireless computerized device, such

as to permit an initial configuration of hazard detector
200 to be performed via the computerized wireless de-
vice. In other embodiments, such an initial configuration
is performed via a network connection through a router
or other form of direct communication, such as Blue-
tooth® or WiFi Direct®.
[0032] Wireless communication module 230 may also
allow for communication with one or more other hazard
detectors installed within the same structure as hazard
detector 200. For instance, hazard detectors may be in-
stalled within various rooms within a structure. Each haz-
ard detector may store an indication of the type of room
it is installed within. These hazard detectors may be con-
figured to alert each other when a hazard is detected. As
such, while a hazard may be detected by another hazard
detector, hazard detector 200 may alert a user to the
presence of the hazard in the other room. When a hazard
is present, hazard detector 200 may receive indications
from other hazard detectors indicative of whether that
hazard detector is also sensing the hazard. Hazard de-
tectors that are not sensing the hazard may not provide
such an indication or may transmit a message indicative
of the hazard not being detected.
[0033] User input component 222 may represent a
component that receives input that can be passed to
processing system 110. User input component 222 may
take the form of a button or switch on hazard detector
200. By depressing the button or otherwise actuating us-
er input component 222, a user can provide input via user
input component 222 to processing system 110. For in-
stance, user input component 222 may be used by a user
to disable an alarm being sounded by hazard detector
200. User input component 222 may be encircled or have
its perimeter otherwise outlined by light 245 (that is, by
the light itself and/or by light output by light 140). There-
fore, when light 245 is active, and the user desires to
provide input (e.g., to silence an alarm), the user may
touch or push hazard detector 200 within the area defined
by light 245 and/or the light output by light 245.
[0034] Hazard detector 200 may include battery-based
power source 210 and structure power source 220. Struc-
ture power source 220 may be used to power hazard
detector 200 when such power is available. Structure
power source 220 may represent a hard-wired connec-
tion within a structure (e.g., house, building, office, etc.)
that provides an AC or DC power to one or more hazard
detectors located throughout the structure. While the AC
or DC power may be available a significant percentage
of time (e.g., 99.5% of the time), it may be desirable for
hazard detector 200 to continue functioning if structure
power is unavailable (e.g., during a power failure). As
such, battery-based power source 210 may also be
present. Battery-based power source 210 may include
one or more batteries which power the various compo-
nents of hazard detector 200 when structure power
source 220 is not available. In some embodiments of
hazard detector 200, structure power source 220 is not
present and/or the hazard detector may not be capable
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of connected with structure power source 220. As such,
hazard detector 200 may permanently rely on battery-
based power source 210 to power components of hazard
detector 200. Structure power source 220 and battery-
based power source 210 are illustrated in FIG. 2 as con-
nected with processing system 110. It should be under-
stood that, while structure power source 220 and battery-
based power source 210 are illustrated as only connect-
ed with processing system 110, this is for simplicity of
illustration only; structure power source 220 and/or bat-
tery-based power source 210 may be connected to the
various components of hazard detector 200 as necessary
to power such components.
[0035] Audio output device 240 and light 245 may rep-
resent different forms of output device 130 of hazard de-
tector 100. Audio output device 240 may be a speaker
that is configured to output sound. Audio output device
240 may be capable of outputting synthesized or record-
ed speech, thus allowing spoken messages to be output
to users in the vicinity of hazard detector 200. Audio out-
put device 240 may receive vocal messages to be output
from messaging engine 113. Other sounds, such as an
alarm buzzing or ringing may also be generated by audio
output device 240. Audio output device 240 may include
a piezo sound generator configured to generate a very
loud alarm sound.
[0036] Humidity sensor 241 may detect humidity level
in the ambient environment of hazard detector 200. An
indication of the detected humidity level may be provided
to processing system 110. This humidity level may be
used to determine the time period for which the detected
level of hazard is required to be below a threshold value
before the state of hazard detector 200 is downgraded
and/or an announcement is made that the hazardous
condition has eased. Microphone 260 may be used to
detect sound the vicinity of hazard detector 200. For in-
stance, spoken commands by user may be received by
microphone 260 and processed by processing system
110.
[0037] Temperature sensor 265 may be used by haz-
ard detector 200 to monitor the ambient temperature of
hazard detector 200. Temperature measurements made
by temperature sensor 265 may be used in controlling
when HVAC systems are turned on or off.
[0038] FIGS. 3A, 3B, and 3C illustrate embodiments
of various state flows of a hazard detector that detects
an easing of a hazardous condition. State flows 300A,
300B, and 300C may be implemented on hazard detector
100, hazard detector 200, or some other embodiment of
a hazard detector. FIG. 3A illustrates a state flow 300A
of a hazard detector that has two states: non-alarm state
301 and alarm state 302. Non-alarm state 301 may also
be referred to as a standby or monitor mode. In non-alarm
state 301, the presence of a hazard may be monitored
for. In non-alarm state 301, no alarm may be sounded
nor may a light be illuminated to be indicative of an alarm.
In alarm state 302, an auditory and/or visual alarm may
be sounded and/or illuminated, respectively, by the haz-

ard detector. The level of hazard detected in the environ-
ment of the hazard detector may continue to be moni-
tored. If the level decreases below a defined threshold
amount, flow 310 may be followed to downgrade the state
of the hazard detector back to the non-alarm state 301.
[0039] Flow 310 occurring may result in the hazard de-
tector outputting an indication that the hazardous condi-
tion is easing. In some embodiments, in addition to the
level of detected hazard falling below a threshold, the
level of detected hazard may be required to remain below
the threshold for predefined period of time, which may
vary based on several factors, before flow 310 is followed
and then indication of the hazardous condition easing
being output by the hazard detector. In some embodi-
ments, flow 310 results in a synthesized spoken message
being output by hazard detector that indicates, for exam-
ple: "[Type of Hazard] is easing." The [Type of Hazard]
may vary based on if smoke or carbon monoxide was
detected. As another example, the hazard detector may
indicate the room in which the hazard detector is located.
For example, the hazard detector may output: "[Type of
Hazard] is easing in the [room]." A user may have previ-
ously provided the hazard detector with room designation
in which the hazard detector is installed, such as a bed-
room, kitchen, bathroom, etc.
[0040] FIG. 3B illustrates a state flow 300B of a hazard
detector that has three states: non-alarm state 301, alarm
state 302, and pre-alarm state 303. Generally, pre-alarm
states and alarm states can be referred to as states in-
dicative of a presence of a hazardous condition (albeit in
different amounts). In non-alarm state 301, the presence
of a hazard may be monitored for. In non-alarm state
301, no alarm may be sounded nor may a light be illumi-
nated to be indicative of an alarm. If an amount of hazard
is detected that exceeds a first threshold, the state of the
hazard detector is upgraded to pre-alarm state 303. In
pre-alarm state 303, the full alarm of the hazard detector
may not sound. However, a message, such as a spoken
message, may be output to a user that indicates that a
level of hazard in the environment has risen or is rising.
In some embodiments, recommendations may be made
to the user as to how to deal with the rising level of the
hazard. In some embodiments, a light of the hazard de-
tector may be illuminated to indicate the pre-alarm state.
[0041] If the level of hazard detected in the ambient
environment of the hazard detector decreases, such as
below the first threshold amount or below some other
defined threshold amount, flow 312 may be followed to
downgrade the state of the hazard detector from pre-
alarm state 303 to non-alarm state 301. Flow 312 may
result in a message being output by the hazard detector
that is indicative of the hazardous condition easing. If the
level of hazard detected in the ambient environment of
the hazard detector increases, such as above a second
threshold amount (greater than the first threshold
amount), pre-alarm state 303 may be upgraded to alarm
state 302. In alarm state 302, an auditory and/or visual
alarm may be sounded and/or illuminated, respectively,
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by the hazard detector. The amount of hazard detected
in the environment of the hazard detector may continue
to be monitored.
[0042] If the amount of hazard decreases below the
second threshold amount (or some other defined thresh-
old amount), flow 313 may be followed to downgrade the
state of the hazard detector back to pre-alarm state 303.
Alternatively, flow 311 may be followed to downgrade the
state of the hazard detector from alarm state 302 to non-
alarm state 301. Based on either flow 311 or flow 313
occurring, the message may be output by the hazard
detector that indicates that the hazard condition is easing.
Whether flow 313 or 311 is followed may depend on how
much the level of detected hazard has fallen in the am-
bient environment of the hazard detector. In some em-
bodiments, only flows 312 and 313 are available for
downgrading the state of the hazard detector. In other
embodiments, only flows 311 and 312 are available for
downgrading the state of the hazard detector. A message
being output to a user indicative of the hazardous con-
dition easing may be assigned to any or all of flows 311,
312, 313. For instance, for flow 313, a message may
indicate that the hazardous condition has started to ease,
while a message for flow 312 may indicate that the haz-
ardous condition has eased further.
[0043] As with state flow 300A, in addition to the de-
tected level of hazard being required to fall below one or
more threshold amounts in order for the state of the haz-
ard detector to be downgraded, the detected level of haz-
ard may be required to stay below the threshold amount
for at least a period of time prior to the state of the hazard
detector being downgraded. This period of time may be
determined based on one or more factors, as discussed
in relation to method 600 of FIG. 6.
[0044] FIG. 3C illustrates a state flow 300C of a hazard
detector that has four states: non-alarm state 301, alarm
state 302, first pre-alarm state 304, and second pre-alarm
state 305. In non-alarm state 301, the presence of haz-
ards may be monitored for. In non-alarm state 301, no
alarm may be sounded nor may a light be illuminated to
be indicative of an alarm. If an amount of hazard is de-
tected that exceeds a first threshold, the state of the haz-
ard detector is upgraded to first pre-alarm state 304. In
first pre-alarm state 304, the full alarm of the hazard de-
tector may not sound nor be lit. However, a message,
such as a spoken message, may be output to a user that
indicates that a level of hazard in the environment is ris-
ing. In some embodiments, recommendations may be
made to the user as to how to deal with the rising level
of the hazard. In some embodiments, a light of the hazard
detector may be illuminated to indicate the first pre-alarm
state 304.
[0045] If the level of hazard detected in the ambient
environment of the hazard detector decreases, such as
below the first threshold amount or below some other
defined threshold amount, flow 315 may be followed to
downgrade the state of the hazard detector from first pre-
alarm state 304 to non-alarm state 301. Flow 315 may

result in a message being output by the hazard detector
that is indicative of the hazardous condition easing. If the
level of hazard detected in the ambient environment of
the hazard detector increases, such as above a second
threshold amount, first pre-alarm state 304 may be up-
graded to second pre-alarm state 305. In second pre-
alarm state 305, the full alarm of the hazard detector may
still not sound nor be lit. However, a message, such as
a spoken synthesized or recorded message, may be out-
put to a user that indicates that a level of hazard in the
environment is still rising. This message may be more
urgent than the message associated with first pre-alarm
state 304. In some embodiments, recommendations may
be made to the user as to how to deal with the continued
rising level of the hazard. In some embodiments, a light
of the hazard detector may be illuminated to indicate the
second pre-alarm state 305.
[0046] If the detected hazard level increases above a
third threshold amount, second pre-alarm state 305 may
be upgraded to alarm state 306. In alarm state 302, an
auditory and/or visual alarm may be sounded and/or il-
luminated, respectively, by the hazard detector. The level
of hazard detected in the environment of the hazard de-
tector may continue to be monitored.
[0047] Flows 314, 315, 316, 317, 318, and 319 repre-
sent various flows of a state of the hazard detector being
downgraded. In some embodiments, when the detected
level of a hazard drops below a threshold value, the haz-
ard detector may be downgraded to the non-alarm state
301. In other embodiments, the hazard detector may
downgrade its state through one or more pre-alarm states
based on the detected hazard level being less than one
or more threshold amounts. For instance, as the detected
hazard level in the ambient environment of the hazard
detector decreases, alarm state 306 may be downgraded
to second pre-alarm state 305 according to flow 317, sec-
ond pre-alarm state 305 may be downgraded to first pre-
alarm state 304 following flow 316 and first pre-alarm
state 304 may be downgraded to non-alarm state 301
via flow 315. Further, depending on the detected level of
hazard, various states may be skipped. For instance,
alarm state 306 may be downgraded to first pre-alarm
state 304 via flow 318. Similarly, second pre-alarm state
305 may be downgraded to non-alarm state 301 via flow
319. Alarm state 306 may also be downgraded directly
to non-alarm state 301 via flow 314.
[0048] The threshold values used to determine when
to downgrade states of the hazard detector may be the
same threshold values used to determine when states
of the hazard detector are upgraded. For instance, a
same threshold value may be used to determine when
first pre-alarm state 304 should be upgraded to second
pre-alarm state 305, as when second pre-alarm state 305
should be downgraded to first pre-alarm state 304. Alter-
natively, the thresholds used for upgrading and down-
grading states may vary from each other. For instance,
a first threshold value may be used to determine when
first pre-alarm state 304 should be upgraded to second
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pre-alarm state 305, but a second threshold (smaller in
magnitude than the first) may be used to determine when
second pre-alarm state 305 should be downgraded to
first pre-alarm state 304.
[0049] A message being output to indicate that a haz-
ardous condition is easing may be associated with all or
any of flows 314, 315, 316, 317, 318, and 319. In some
embodiments, it may be desirable for only one easing
message to be output, such as when the state of the
hazard detectors downgraded to non-alarm state 301. In
other embodiments, it may be desirable to indicate that
the hazardous condition has started to ease, such as at
flow 316 or flow 317 and later be followed by another
message indicating that the hazardous condition has fur-
ther eased such as at flow 315.
[0050] As with state flows 300A and 300B, in addition
to the detected level of hazard being required to fall below
one or more threshold amounts in order for the state of
the hazard detector to be downgraded, the detected level
of hazard may be required to stay below the threshold
amount for at least a period of time prior to the state of
the hazard detector being downgraded. This period of
time may be determined based on one or more factors,
as discussed in relation to method 600 of FIG. 6.
[0051] While not illustrated in FIG. 3C, or any of the
other state flows, it may be possible for a state to be
upgraded and skip one or more other states. For in-
stance, if a high enough level of a hazard is detected,
non-alarm state 301 may be upgraded directly to alarm
state 306. State flows 300A, 300B, and 300C focus on
hazard detectors that have two, three, and four states
respectively. It should be understood that in other em-
bodiments, a greater number of states may also be pos-
sible. In some embodiments, hazard detectors may have
a different number of states depending on the type of
hazard detected. For instance, state flow 300A may be
used for when carbon monoxide is detected while state
flow 300B or 300C may be used for when smoke is de-
tected.
[0052] Various methods may be performed by a hazard
detector using the states detailed in relation to FIGS. 3A-
3C. FIG. 4 illustrates an embodiment of a method 400
for detecting an easing of a hazardous condition. Method
400 may be performed using hazard detector 100, hazard
detector 200, or some other embodiment of a hazard
detector. Each step of method 400 may generally be per-
formed by a hazard detector. Throughout method 400,
one or more sensors of the hazard detector may continue
to monitor for and measure amounts of hazardous con-
ditions, such as smoke and/or carbon monoxide, in the
ambient environment of the hazard detector.
[0053] At step 405, a hazardous condition may be de-
termined to be present in the environment of a hazard
detector. Such a determination may be made based on
one or more measured amounts of the hazardous con-
dition being compared to a stored threshold value. The
hazard may involve the presence of smoke, which can
be indicative of fire, carbon monoxide, or some other con-

dition or compound that is potentially dangerous to oc-
cupants present in the structure in which the hazard de-
tector is installed. At step 405, the hazard detector may
be receiving measurements of the amount of detected
hazard in the environment of the hazard detector from
one or more sensors of the hazard detector. In response
to the threshold value being exceeded by the measured
amount of the hazardous condition, method 400 may pro-
ceed to step 410. Otherwise, if no amount of the hazard-
ous condition is measured by the hazard detector, the
hazard detector may continue to monitor for such a haz-
ardous condition until one is detected.
[0054] At step 410, a state of the hazard detector may
be set to be indicative of the hazardous condition being
present. Referring back to FIGS. 3A-3C, step 410 may
involve the hazard detector being set from a non-alarm
state to either a pre-alarm state or an alarm state. In
indication of the current state of the hazard detector may
be stored by the processing system of the hazard detec-
tor, such as to a non-transitory storage medium associ-
ated with a state engine. While step 410, and later steps
of method 400, are being performed, the hazard detector
may continue to monitor for hazards in the ambient en-
vironment of the hazard detector.
[0055] At step 415, the hazard detector may determine
that the amount of the hazardous condition in the ambient
environment is now below a threshold value. This deter-
mination may be based on one or more measurements
of hazard level made after step 405 was performed.
Therefore, the amount of hazardous condition in the en-
vironment of the hazard detector may have decreased
since step 405. The threshold used at step 405 to deter-
mine that the hazardous condition is present in the am-
bient environment of the hazard detector may be the
same threshold amount used in the analysis of step 415.
Alternatively, the threshold values used may differ. For
example, the threshold amount used at step 415 may be
smaller in magnitude than the threshold amount used to
determine that the hazardous condition was present at
step 405.
[0056] At step 420, following the amount of the haz-
ardous condition being below the threshold, a period of
time for which measurements of the hazardous condition
has remained below the threshold value may be tracked.
If the amount of hazard detected in the ambient environ-
ment of the hazard detector exceeds the threshold, the
time period may be reset.
[0057] Whether an alarm of the hazard detector is
sounding during steps 415 and 420 may be dependent
on whether the state set at step 410 was a pre-alarm
state or an alarm state. If an alarm state, one or more
auditory and/or visual alarms may be output by the haz-
ard detector while steps 415 and 420 are being per-
formed. If a pre-alarm state, the hazard detector may be
taking no action or may be outputting a warning (pre-
alarm message) indicative of the hazard detector being
in the pre-alarm state. If a warning (pre-alarm message)is
output in the pre-alarm state, the warning will likely be
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less loud and/or intrusive to a user than auditory and/or
visual outputs by the hazard detector in the alarm state.
For instance, the warning (pre-alarm message) may be
a spoken message that states: "Warning, the hazard level
is rising."
[0058] At step 425, it may be determined that the period
of time which was tracked at step 420 has reached at
least a threshold duration. The threshold duration may
be stored by the hazard detector. For instance, the
threshold duration may be based on the type of hazard.
If smoke was determined to be present at step 405, a
first threshold duration may be used. If carbon monoxide
was determined to be present at step 405, a second
threshold duration may be used instead. In some em-
bodiments, rather than a stored threshold duration being
defined, the hazard detector may calculate or otherwise
modify the threshold duration based on one or more fac-
tors, at least some of which are discussed in relation to
FIG. 6.
[0059] At step 430, the hazard detector may output one
or more indications of the hazardous condition easing.
The output of step 430 may be performed in response to
the period of time being determined to have reached the
threshold duration of step 425. The indications of the haz-
ardous condition easing may include: an auditory mes-
sage, which may include a spoken message, and a visual
indication, such as a light of the hazard detector illumi-
nating a color that is not typically associated with a haz-
ard, such as green or blue. Additionally, in response to
the period of time having reached at least the threshold
duration of step 425, the state of the hazard detector may
be downgraded such as in accordance with the embod-
iments of FIGS. 3A-3C. For example, from an alarm state,
the hazard detector may be downgraded to either a non-
alarm state or pre-alarm state. If the hazard detector was
set to a pre-alarm state at step 410, the hazard detector
may be set to a non-alarm state. Further, it is possible in
some embodiments that a period of time does not need
to be evaluated before an easing announcement is output
- rather, the easing announcement is output in response
to the level of detected hazard dropping below a threshold
amount only.
[0060] FIG. 5 illustrates an embodiment of a method
500 for detecting an easing of a hazardous condition that
varies a time period used in determining when the haz-
ardous condition has eased. Method 500 may be per-
formed using hazard detector 100, hazard detector 200,
or some other embodiment of a hazard detector. Method
500 may represent a more detailed embodiment of meth-
od 400. Each step of method 500 may generally be per-
formed by a hazard detector. Throughout method 500,
one or more sensors of the hazard detector may continue
to monitor for and measure amounts of hazardous con-
ditions, such as smoke and/or carbon monoxide, in the
ambient environment of the hazard detector. At step 501,
the ambient environment of the hazard detector may be
monitored for hazards. At this time, the hazard detector
may be set to a non-alarm state. The hazard detector

may monitor for one or multiple types of hazards, includ-
ing smoke and carbon monoxide. It should be understood
that throughout method 500, sensors of the hazard de-
tector may continue to measure levels of hazardous con-
ditions, if any, present in the ambient environment of the
hazard detector. For instance, referring to hazard detec-
tor 200, carbon monoxide sensor 121 and smoke sensor
122 may provide hazard measurements to processing
system 110 for analysis.
[0061] At step 505, a hazardous condition may be de-
termined to be present in the environment of a hazard
detector. Such a determination may be made based on
one or more measured levels of a hazardous condition
being compared to a stored threshold value. The hazard
may involve the presence of smoke, which can be indic-
ative of fire, carbon monoxide, or some other condition
or compound that is potentially dangerous to occupants
present in the structure in which the hazard detector is
installed. At step 505, the hazard detector may be receiv-
ing measurements of the amount of detected hazard in
the environment of the hazard detector from one or more
sensors of the hazard detector.
[0062] At step 510, a state of the hazard detector may
be set to be indicative of the hazardous condition being
present. Referring back to FIGS. 3A-3C, step 510 may
involve the hazard detector being set from a non-alarm
state to either a pre-alarm state or an alarm state. An
indication of the current state of the hazard detector may
be stored by the processing system of the hazard detec-
tor, such as to a non-transitory storage medium. While
step 510, and later steps of method 500 are being per-
formed, the hazard detector may continue to monitor for
hazards in the ambient environment of the hazard detec-
tor. At step 510, depending on the state of the hazard
detector, the hazard detector may be outputting one or
more visual and/or auditory indications. If the hazard de-
tector is in a pre-alarm state, the hazard detector may
output a warning that the amount of hazard in the ambient
environment of the hazard detector is rising and illumi-
nate a light to be indicative of the pre-alarm state. If the
hazard detector is in the alarm mode the hazard detector
may sound the alarm and illuminate a light to be indicative
of the alarm state.
[0063] At step 515, while continuing to monitor the
amount of the hazardous condition in the ambient envi-
ronment of the hazard detector, the hazard detector may
determine that the amount of the hazardous condition in
the ambient environment is now below a stored, thresh-
old value. This determination may be based on one or
more measurements of hazard level made after step 505
was performed. Therefore, the amount of the hazardous
condition in the ambient environment of the hazard de-
tector may have decreased since step 505. The first
threshold value used at step 505 to determine that the
hazardous condition was present in the ambient environ-
ment of the hazard detector may be the same stored
threshold value used in the determination of step 515.
Alternatively, the two threshold values may be different.
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For example, the threshold value used at step 515 may
be smaller in magnitude than the threshold value used
to determine that the hazardous condition was present
at step 505.
[0064] At step 520, in response to the amount of the
hazardous condition being determined to be below the
stored threshold value, a period of time for which meas-
urements of the hazardous condition have remained be-
low the threshold value may be tracked. If the amount of
hazard detected in the ambient environment of the haz-
ard detector exceeds a threshold value (which could be
the threshold used at step 515 or 505), the time period
may be reset/restarted and/or additional steps may be
taken, such as sounding an alarm or making an an-
nouncement that the amount of hazard in the environ-
ment is rising.
[0065] At step 525, a threshold duration may be deter-
mined based on one or more factors. The threshold du-
ration may be determined using: the type of hazard de-
tected, the number of hazard detectors that have detect-
ed the hazard, the state of the hazard detector, charac-
teristics of the hazard, and/or a measured humidity level
in the ambient environment of the hazard detector. The
hazard detector may have stored data indicative of how
a threshold duration should be determined in view of such
factors. Further detail regarding how the threshold dura-
tion can be determined is presented in relation to method
600 of FIG. 6. It should be understood that rather than
being performed following step 520, step 525 may also
be performed at some time prior to step 520.
[0066] At step 530, it may be determined that the period
of time which was tracked at step 520 has reached at
least the threshold duration determined at step 530. The
period of time may cease being tracked once step 530
is performed. In response to step 530, step 535 may be
performed.
[0067] At step 535, the hazard detector may output one
or more indications of the hazardous condition easing in
response to step 530 being performed. The indications
of the hazardous condition easing may include: an audi-
tory message, which may include a synthesized or re-
corded spoken message, and/or a visual indication, such
as a light of the hazard detector illuminating a color that
is not typically associated with a hazard, such as green
or blue.
[0068] At step 540, in response to the period of time
having reached at least the threshold duration of step
530 and/or step 535 having been performed, the state of
the hazard detector may be downgraded such as in ac-
cordance with the embodiments of FIGS. 3A-3C. For ex-
ample, from an alarm state, the hazard detector may be
set to either a non-alarm state or a type of pre-alarm
state. If the hazard detector was set to a pre-alarm state
at step 510, the hazard detector may be set to a non-
alarm state. Method 500 may then return to step 501 to
monitor for hazards. If the hazard detector is to be set to
a pre-alarm state from an alarm state (or other pre-alarm
state), such as flows 313, 316, 317, or 318 of FIGS. 3B

and 3C, method 500 may follow the dotted path and per-
form step 510 in lieu of step 540. At step 510, the state
of the hazard detector may be set to the downgraded
state of a pre-alarm condition. A different threshold
amount may be used for the evaluation of step 515 when
performing method 500 again. Further, the threshold du-
ration may be determined to have a different duration
based on the current state of the hazard detector.
[0069] FIG. 6 illustrates an embodiment of a method
600 for determining a threshold duration value to use in
assessing whether a hazardous condition has eased.
Method 600 may be performed as part of method 400,
method 500, or as part of some other method. For in-
stance, method 600 may be performed as part of step
525 of method 500. Each step of method 600 may gen-
erally be performed by a hazard detector. Throughout
method 600, one or more sensors of the hazard detector
may continue to monitor for and measure amounts of
hazardous conditions, such as smoke and/or carbon
monoxide, in the ambient environment of the hazard de-
tector. Various factors may be used to determine the du-
ration of the threshold used in determining when the haz-
ard detector should inform user that the hazardous con-
dition is easing. The various determinations performed
as part of method 600 may be performed in a varying
order. As such, method 600 represents a possible em-
bodiment with various other embodiments being possi-
ble.
[0070] At step 605, a type of hazard detected may be
determined. For each particular type of hazard, a default
or minimum threshold duration value may be stored by
(or be otherwise accessible to) the hazard detector. For
instance, a fire/smoke hazard may be associated with a
first duration while a carbon monoxide hazard may be
associated with a second, different duration. The type of
hazard may be determined based on, for example, the
type of hazard that exceeded the threshold of step 505
of method 500. In some embodiments, if multiple hazards
are present, a third threshold duration may be selected.
[0071] At step 610, an amount of ambient humidity may
be determined using one or more humidity sensors of
the hazard detector. For instance, humidity sensor 241
of hazard detector 200 may be used to determine the
ambient humidity level. The humidity level may be as-
sessed for a current value and/or to determine whether
the humidity level is rising or falling. The hazard detector
may store a table or other data storage arrangement that
relates ranges of humidity levels to an indication of the
threshold duration. For instance, the hazard detector may
store a table or other data storage arrangement that in-
dicates that if the detected humidity level is between 10%-
20%, the threshold duration may be increased by one
minute. In some embodiments, an algorithm is stored to
calculate how the threshold duration should be set based
on the detected humidity level. The threshold duration
may also be set or adjusted based on whether the am-
bient humidity level is rising or falling. While step 610 is
focused on humidity, it should be understood that tem-

21 22 



EP 3 055 844 B1

13

5

10

15

20

25

30

35

40

45

50

55

perature may be additionally or alternatively used in de-
termining the threshold duration. Additionally or alterna-
tively, carbon monoxide levels may be measured. The
level of detected carbon monoxide may be used to adjust
the threshold duration (and/or a level of sensitivity to
smoke).
[0072] At step 615, the hazard detector, via a wireless
or wired communication module, may receive one or
more indications of other hazard detectors located within
the same structure as the hazard detector indicative of
whether the same (or different) hazard is being detected
in those locations. If a hazard is detected in multiple lo-
cations within a structure, such as in different rooms, it
may be indicative that the hazardous condition is wide-
spread in the structure and may be more likely to be a
significant safety concern. The hazard detector may re-
ceive signals from other hazard detectors that indicates
whether or not a hazard has been detected by such other
hazard detectors. In some embodiments, the hazard de-
tector may store indications of the locations and/or num-
bers of hazard detectors that are installed within the same
structure as the hazard detector. If no indication is re-
ceived from such hazard detectors, it may be assumed
that such hazard detectors are not sensing the presence
of the hazard. In some embodiments, the hazard detector
may poll other hazard detectors to determine levels of
the hazardous condition in other locations within the
structure. The presence of multiple different types of haz-
ards within the structure may also be determined by the
hazard detector by receiving data from other hazard de-
tectors. The threshold duration may be set or adjusted
based on in which other locations the hazard was detect-
ed, the level of the hazard detected in other locations,
and/or at how many hazard detectors the hazard was
detected. In some embodiments, an easing message
may not be output by the hazard detector until the hazard
level remains below the threshold amount for at least the
threshold duration at every hazard detector within the
structure in which the hazard detector is installed.
[0073] At step 620, characteristics of the hazardous
condition may be evaluated. These characteristics may
be used to set or adjust the threshold duration. For in-
stance, characteristics of the hazardous condition may
involve a determination of the rapidity with which the
amount of the hazard increased in the ambient environ-
ment of the hazard detector (e.g., slow, smoldering fire
or fast, smoky fire), the maximum amount of the hazard-
ous condition detected, the mean/media amount of the
hazardous condition detected, other hazardous condi-
tions detected during the same time period, the amount
of time for which the hazardous condition has been de-
tected, etc. In some embodiments, the hazardous con-
dition may be compared to stored profiles of various types
of hazardous conditions, such as grease fires, electrical
fires, furnace carbon monoxide leakage, etc., to classify
the hazardous condition. The profile selected and/or the
characteristics analyzed may be used to set or adjust the
threshold duration.

[0074] At step 625, at least some of the factors deter-
mined in relation to steps 605-through 620, and possibly
additional factors, may be used in determining the thresh-
old duration. In some embodiments, a default threshold
duration is used as a starting point and is then adjusted
based on the factors at step 625. For instance, the pres-
ence of a factor (e.g., two other hazard detectors having
detected the hazard) may involve the threshold duration
being increased by a predefined amount of time, such
as three minutes. Such adjustments that can be imple-
mented based on such factors may be stored by the haz-
ard detector, such as in the form of a look-up table. In
some embodiments, an algorithm may take each of the
determined factors into account to calculate a threshold
duration. [[INVENTORS, CAN I GET AN EXAMPLE OF
SUCH AN ALGORITHM PLEASE?]] The longer the du-
ration, the longer the amount of time that must elapse
with the amount of hazard remaining below the threshold
value before the hazard detector outputs an indication
that the amount of the hazard in the environment of the
hazard detector is easing.
[0075] FIG. 7 illustrates an embodiment of a method
700 for using a pre-alarm state of a hazard detector to
alert a user to the presence and easing of a hazardous
condition. Method 700 may be performed using hazard
detector 100, hazard detector 200, or some other em-
bodiment of a hazard detector. Method 500 may repre-
sent a more detailed embodiment of method 400 and/or
method 500. Each step of method 700 may generally be
performed by a hazard detector. Throughout method
700, one or more sensors of the hazard detector may
continue to monitor for and measure amounts of hazard-
ous conditions, such as smoke and/or carbon monoxide,
in the ambient environment of the hazard detector.
[0076] At step 705, the ambient environment of the
hazard detector may be monitored for hazards. At this
step, the hazard detector may be set to a non-alarm state.
The hazard detector may monitor for multiple types of
hazards, including smoke and carbon monoxide. It
should be understood that throughout method 700, one
or more sensors of the hazard detector may continue to
monitor for levels of hazards, if any, present in the am-
bient environment of the hazard detector. For instance,
referring to hazard detector 200, carbon monoxide sen-
sor 121 and smoke sensor 122 may provide hazard
measurements to processing system 110 for analysis.
[0077] At step 710, it may be determined if a hazardous
condition is present in the environment of a hazard de-
tector. Such a determination may be made based on one
or more measured levels of a hazardous condition being
compared to a stored threshold value. The hazard may
involve the presence of smoke, which can be indicative
of fire, carbon monoxide, or some other condition or com-
pound that is potentially dangerous to occupants present
in the structure in which the hazard detector is installed.
Referring to hazard detector 200 of FIG. 2 for example,
hazard monitor engine 112 may determine that a hazard
is present by comparing a measured value from either
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carbon monoxide sensor 121 or smoke sensor 122 to a
corresponding threshold value from hazard thresholds
114. If the measured hazardous condition meets and/or
exceeds a first threshold value, method 700 may proceed
to step 715; otherwise the hazard detector continues to
monitor for hazardous conditions at step 705.
[0078] At step 715, a state of the hazard detector may
be set to be indicative of the hazardous condition being
present. Referring back to FIGS. 3A-3C, step 715 may
involve the hazard detector being set from a non-alarm
state to a pre-alarm state. An indication of the current
state of the hazard detector may be stored by the
processing system of the hazard detector, such as to a
non-transitory storage medium. While step 715 is being
performed, and later steps of method 500 are being per-
formed, the hazard detector may continue to monitor for
hazards in the ambient environment of the hazard detec-
tor. Referring to hazard detector 200 of FIG. 2 for exam-
ple, state engine 111 may have its state set to a pre-
alarm state (e.g., a first pre-alarm state, a second pre-
alarm state).
[0079] At step 720, the hazard detector may be out-
putting one or more visual and/or auditory indications.
The hazard detector has been set to a pre-alarm state
based on the detected hazard level of step 710, the haz-
ard detector may output an auditory warning, which may
include a message containing speech, stating that the
amount of hazard in the ambient environment of the haz-
ard detector is rising and illuminate a light to be indicative
of the pre-alarm state. For example, such a light may be
illuminated using a color typically associated with a prob-
lem or hazard, such as yellow or red.
[0080] The hazard detector may continue to monitor
the hazard level in the ambient environment of the hazard
detector at step 722. The hazard detector may monitor
the level of detected hazard to determine if it exceeds a
second threshold value (which is representative of a
greater amount of the hazard being present than the first
threshold value used at step 710) or if the amount of
hazard falls below a third threshold value, which may
match the first threshold value or may be a smaller in
magnitude than the first threshold value. If the amount
of hazard remains between the second and third thresh-
old value, method 700 may remain at step 722 until one
of the threshold values is met. Referring to FIG. 3B, the
hazard detector may be in pre-alarm state 303. If the
second threshold is exceeded, the state of the hazard
detector will transition to alarm state 302. If the third
threshold is met, the state of the hazard detector may
transition to non-alarm state 301 (following one or more
other conditions being met).
[0081] If the hazardous condition worsens at step 722
and the level of hazard detected by the hazard detector
exceeds the second threshold value, method 700 may
proceed to step 725. At step 725, a state of the hazard
detector may be set to an alarm state. An indication of
the alarm state of the hazard detector may be stored by
the processing system of the hazard detector, such as

to a non-transitory storage medium. At step 730 and au-
ditory and/or a visual alarm may be output to alert the
user to the alarm state. The hazard detector may output
an alarm sound and/or an auditory message, which may
include speech, stating that the amount of hazard in the
ambient environment of the hazard detector is dangerous
and illuminate a light to be indicative of the alarm state.
For example, such a light may be illuminated a color typ-
ically associated with a problem or hazard, such as yellow
or red. An animation indicative of the severity of the haz-
ard may also be output, such as by flashing the light rap-
idly.
[0082] At step 735, after the auditory and/or visual
alarm has been sounding for a period of time, the hazard
detector may determine that the hazardous condition has
decreased below the third threshold value. In response
to the hazardous level decreased below the third thresh-
old value, method 700 may proceed to step 740. Return-
ing to step 722, if is determined that the hazardous con-
dition meets or falls below the third threshold value, meth-
od 700 may proceed to step 740 without performing steps
725 through 735. As such, at the start of step 740, the
hazard detector may be set to either a pre-alarm state or
an alarm state.
[0083] At step 740, in response to the amount of the
hazardous condition being determined to be below the
third threshold value, a period of time for which meas-
urements of the hazardous condition have remained be-
low the threshold value may be tracked. For instance, a
counter of the hazard detector may be initiated or a times-
tamp may be created. If the amount of hazard detected
in the ambient environment of the hazard detector ex-
ceeds the third threshold value again, the time period
may be reset and/or additional steps may be taken, such
as sounding an alarm or making an announcement that
the amount of hazard in the environment is rising or re-
turning to step 722 or step 715.
[0084] At step 745, a threshold duration may be deter-
mined based on one or more factors. The threshold du-
ration may be determined using: the type of hazard de-
tected, the number of hazard detectors that have detect-
ed the hazard, the state of the hazard detector, charac-
teristics of the hazard, and/or a measured humidity level
in the ambient environment of the hazard detector. The
hazard detector may have stored data indicative of how
a threshold duration should be determined in view of such
factors. Further detail regarding how the threshold dura-
tion can be determined is presented in relation to method
600 of FIG. 6. It should be understood that rather than
being performed following step 740, step 745 may also
be performed at some time prior to step 740.
[0085] At step 750, it may be determined that the period
of time which was started to be tracked at step 740 has
reached at least the threshold duration determined at
step 745. The period of time may cease being tracked
once step 750 is performed (e.g., a counter may be dis-
abled). In response to step 750, step 755 may be per-
formed.
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[0086] At step 755, the hazard detector may output one
or more indications of the hazardous condition easing in
response to step 750 being performed. The indications
of the hazardous condition easing may include: an audi-
tory message, which may include a synthesized or re-
corded spoken message, and/or a visual indication, such
as a light of the hazard detector illuminating a color that
is not typically associated with a hazard, such as green
or blue. If a spoken message is output, the message may
indicate in which room the hazard detector is located.
For instance, the message may be: "[Hazard] is clearing
in the [room]." Where [hazard] is the type of hazard
(smoke, carbon monoxide, etc.) and [room] is the room
that was designated as the location in which the hazard
detector was installed by a user during a set up process.
In some embodiments, the hazard detector may commu-
nicate that the hazardous condition is easing to the other
hazard detectors located within the same structure as in
which the hazard detector is installed. Step 755 may fur-
ther include a chime or other sound being output to signal
that the hazard is clear. In some embodiment a light pat-
tern, such as a pulse of green light is output by the hazard
detector to be indicative of the hazard clearing. The au-
ditory and/or visual message may then be output through
such other hazard detectors installed within the structure.
[0087] At step 760, the state of the hazard detector
may be downgraded such as in accordance with the em-
bodiments of FIGS. 3A-3C such as to a non-alarm state.
Method 700 may then return to step 705 to monitor for
hazards in the non-alarm state. In the non-alarm state,
the hazard detector may not be outputting any visual
and/or auditory warnings regarding hazardous condi-
tions.
[0088] Method 700 is focused on a single pre-alarm
state being used, however, it should be understood that
method 700 may be applied to embodiments that have
multiple pre-alarm states, such as state flow 300C of FIG.
3C. For instance, between steps 720 and 722, an addi-
tional iteration of steps 722 through 730 may be added
to evaluate a second pre-alarm state and output a warn-
ing corresponding to the second pre-alarm state (e.g.,
more urgent than a first pre-alarm state but less urgent
than an alarm state). Such a second pre-alarm state may
use a fourth threshold value, different than the first thresh-
old value, to evaluate if the hazard detector has entered
into the second pre-alarm state. The second and third
thresholds may still be used to determine if the hazard
detector should enter an alarm state (the hazardous con-
dition worsens) or indicate that the hazardous condition
is easing and return to either a lower pre-alarm state or
the non-alarm state.
[0089] Hazard detectors, as detailed herein, may be
installed in a smart-home environment. FIG. 8 illustrates
an example of a smart-home environment 800 within
which one or more of the devices, methods, systems,
services, and/or computer program products described
further herein can be applicable. The depicted smart-
home environment 800 includes a structure 850, which

can include, e.g., a house, office building, garage, or mo-
bile home. It will be appreciated that devices can also be
integrated into a smart-home environment 800 that does
not include an entire structure 850, such as an apartment,
condominium, or office space. Further, the smart home
environment can control and/or be coupled to devices
outside of the actual structure 850. Indeed, several de-
vices in the smart home environment need not physically
be within the structure 850 at all. For example, a device
controlling a pool heater or irrigation system can be lo-
cated outside of the structure 850.
[0090] The depicted structure 850 includes a plurality
of rooms 852, separated at least partly from each other
via walls 854. The walls 854 can include interior walls or
exterior walls. Each room can further include a floor 856
and a ceiling 858. Devices can be mounted on, integrated
with and/or supported by a wall 854, floor 856 or ceiling
858.
[0091] In some embodiments, the smart-home envi-
ronment 800 of FIG. 8 includes a plurality of devices,
including intelligent, multi-sensing, network-connected
devices, that can integrate seamlessly with each other
and/or with a central server or a cloud-computing system
to provide any of a variety of useful smart-home objec-
tives. The smart-home environment 800 may include one
or more intelligent, multi-sensing, network-connected
thermostats 802 (hereinafter referred to as smart ther-
mostats 802), one or more intelligent, network-connect-
ed, hazard detectors 804, and one or more intelligent,
multi-sensing, network-connected entryway interface
devices 806 (hereinafter referred to as "smart doorbells
806"). According to embodiments, the smart thermostat
802 detects ambient climate characteristics (e.g., tem-
perature and/or humidity) and controls a HVAC system
803 accordingly. The hazard detector 804 may detect
the presence of a hazardous substance or a substance
indicative of a hazardous substance (e.g., smoke, fire,
or carbon monoxide). The smart doorbell 806 may detect
a person’s approach to or departure from a location (e.g.,
an outer door), control doorbell functionality, announce
a person’s approach or departure via audio or visual
means, or control settings on a security system (e.g., to
activate or deactivate the security system when occu-
pants go and come).
[0092] In some embodiments, the smart-home envi-
ronment 800 of FIG. 8 further includes one or more in-
telligent, multi-sensing, network-connected wall switch-
es 808 (hereinafter referred to as "smart wall switches
808"), along with one or more intelligent, multi-sensing,
network-connected wall plug interfaces 810 (hereinafter
referred to as "smart wall plugs 810"). The smart wall
switches 808 may detect ambient lighting conditions, de-
tect room-occupancy states, and control a power and/or
dim state of one or more lights. In some instances, smart
wall switches 808 may also control a power state or speed
of a fan, such as a ceiling fan. The smart wall plugs 810
may detect occupancy of a room or enclosure and control
supply of power to one or more wall plugs (e.g., such that
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power is not supplied to the plug if nobody is at home).
[0093] Still further, in some embodiments, the smart-
home environment 800 of FIG. 8 includes a plurality of
intelligent, multi-sensing, network-connected appliances
812 (hereinafter referred to as "smart appliances 812"),
such as refrigerators, stoves and/or ovens, televisions,
washers, dryers, lights, stereos, intercom systems, ga-
rage-door openers, floor fans, ceiling fans, wall air con-
ditioners, pool heaters, irrigation systems, security sys-
tems, and so forth. According to embodiments, the net-
work-connected appliances 812 are made compatible
with the smart-home environment by cooperating with
the respective manufacturers of the appliances. For ex-
ample, the appliances can be space heaters, window AC
units, motorized duct vents, etc. When plugged in, an
appliance can announce itself to the smart-home net-
work, such as by indicating what type of appliance it is,
and it can automatically integrate with the controls of the
smart-home. Such communication by the appliance to
the smart home can be facilitated by any wired or wireless
communication protocols known by those having ordi-
nary skill in the art. The smart home also can include a
variety of non-communicating legacy appliances 840,
such as old conventional washer/dryers, refrigerators,
and the like which can be controlled, albeit coarsely
(ON/OFF), by virtue of the smart wall plugs 810. The
smart-home environment 800 can further include a vari-
ety of partially communicating legacy appliances 842,
such as infrared ("IR") controlled wall air conditioners or
other IR-controlled devices, which can be controlled by
IR signals provided by the hazard detectors 804 or the
smart wall switches 808.
[0094] According to embodiments, the smart thermo-
stats 802, the hazard detectors 804, the smart doorbells
806, the smart wall switches 808, the smart wall plugs
810, and other devices of the smart-home environment
800 are modular and can be incorporated into older and
new houses. For example, the devices are designed
around a modular platform consisting of two basic com-
ponents: a head unit and a back plate, which is also re-
ferred to as a docking station. Multiple configurations of
the docking station are provided so as to be compatible
with any home, such as older and newer homes. How-
ever, all of the docking stations include a standard head-
connection arrangement, such that any head unit can be
removably attached to any docking station. Thus, in some
embodiments, the docking stations are interfaces that
serve as physical connections to the structure and the
voltage wiring of the homes, and the interchangeable
head units contain all of the sensors, processors, user
interfaces, the batteries, and other functional compo-
nents of the devices.
[0095] The smart-home environment 800 may also in-
clude communication with devices outside of the physical
home, but within a proximate geographical range of the
home. For example, the smart-home environment 800
may include a pool heater monitor 814 that communi-
cates a current pool temperature to other devices within

the smart-home environment 800 or receives commands
for controlling the pool temperature. Similarly, the smart-
home environment 800 may include an irrigation monitor
816 that communicates information regarding irrigation
systems within the smart-home environment 800 and/or
receives control information for controlling such irrigation
systems. According to embodiments, an algorithm is pro-
vided for considering the geographic location of the
smart-home environment 800, such as based on the zip
code or geographic coordinates of the home. The geo-
graphic information is then used to obtain data helpful
for determining optimal times for watering; such data may
include sun location information, temperature, due point,
soil type of the land on which the home is located, etc.
[0096] By virtue of network connectivity, one or more
of the smart-home devices of FIG. 8 can further allow a
user to interact with the device even if the user is not
proximate to the device. For example, a user can com-
municate with a device using a computer (e.g., a desktop
computer, laptop computer, or tablet) or other portable
electronic device (e.g., a smartphone) 866. A webpage
or app can be configured to receive communications from
the user and control the device based on the communi-
cations and/or to present information about the device’s
operation to the user. For example, the user can view a
current setpoint temperature for a device and adjust it,
using a computer. The user can be in the structure during
this remote communication or outside the structure.
[0097] As discussed, users can control and interact
with the smart thermostat, hazard detectors 804, and oth-
er smart devices in the smart-home environment 800 us-
ing a network-connected computer or portable electronic
device 866. In some examples, some or all of the occu-
pants (e.g., individuals who live in the home) can register
their device 866 with the smart-home environment 800.
Such registration can be made at a central server to au-
thenticate the occupant and/or the device as being as-
sociated with the home and to give permission to the
occupant to use the device to control the smart devices
in the home. An occupant can use his registered device
866 to remotely control the smart devices of the home,
such as when the occupant is at work or on vacation.
The occupant may also use his registered device to con-
trol the smart devices when the occupant is actually lo-
cated inside the home, such as when the occupant is
sitting on a couch inside the home. It should be appreci-
ated that, instead of or in addition to registering devices
866, the smart-home environment 800 makes inferences
about which individuals live in the home and are therefore
occupants and which devices 866 are associated with
those individuals. As such, the smart-home environment
"learns" who is an occupant and permits the devices 866
associated with those individuals to control the smart de-
vices of the home.
[0098] In some embodiments, in addition to containing
processing and sensing capabilities, each of the devices
802, 804, 806, 808, 810, 812, 814, and 816 (collectively
referred to as "the smart devices") is capable of data
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communications and information sharing with any other
of the smart devices, as well as to any central server or
cloud-computing system or any other device that is net-
work-connected anywhere in the world. The required da-
ta communications can be carried out using any of a va-
riety of custom or standard wireless protocols (Wi-Fi, Zig-
Bee, 6LoWPAN, etc.) and/or any of a variety of custom
or standard wired protocols (CAT6 Ethernet, HomePlug,
etc.).
[0099] According to embodiments, all or some of the
smart devices can serve as wireless or wired repeaters.
For example, a first one of the smart devices can com-
municate with a second one of the smart devices via a
wireless router 860. The smart devices can further com-
municate with each other via a connection to a network,
such as the Internet 899. Through the Internet 899, the
smart devices can communicate with a cloud-computing
system 864, which can include one or more centralized
or distributed server systems. The cloud-computing sys-
tem 864 can be associated with a manufacturer, support
entity, or service provider associated with the device. For
one embodiment, a user may be able to contact customer
support using a device itself rather than needing to use
other communication means such as a telephone or In-
ternet-connected computer. Further, software updates
can be automatically sent from cloud-computing system
864 to devices (e.g., when available, when purchased,
or at routine intervals).
[0100] According to embodiments, the smart devices
combine to create a mesh network of spokesman and
low-power nodes in the smart-home environment 800,
where some of the smart devices are "spokesman" nodes
and others are "low-powered" nodes. Some of the smart
devices in the smart-home environment 800 are battery
powered, while others have a regular and reliable power
source, such as by connecting to wiring (e.g., to 120V
line voltage wires) behind the walls 854 of the smart-
home environment. The smart devices that have a reg-
ular and reliable power source are referred to as "spokes-
man" nodes. These nodes are equipped with the capa-
bility of using any wireless protocol or manner to facilitate
bidirectional communication with any of a variety of other
devices in the smart-home environment 800 as well as
with the cloud-computing system 864. On the other hand,
the devices that are battery powered are referred to as
"low-power" nodes. These nodes tend to be smaller than
spokesman nodes and can only communicate using wire-
less protocols that require very little power, such as Zig-
bee, 6LoWPAN, etc. Further, some, but not all, low-pow-
er nodes are incapable of bidirectional communication.
These low-power nodes send messages, but they are
unable to "listen". Thus, other devices in the smart-home
environment 800, such as the spokesman nodes, cannot
send information to these low-power nodes.
[0101] As described, the smart devices serve as low-
power and spokesman nodes to create a mesh network
in the smart-home environment 800. Individual low-pow-
er nodes in the smart-home environment regularly send

out messages regarding what they are sensing, and the
other low-powered nodes in the smart-home environ-
ment - in addition to sending out their own messages -
repeat the messages, thereby causing the messages to
travel from node to node (i.e., device to device) through-
out the smart-home environment 800. The spokesman
nodes in the smart-home environment 800 are able to
"drop down" to low-powered communication protocols to
receive these messages, translate the messages to other
communication protocols, and send the translated mes-
sages to other spokesman nodes and/or cloud-comput-
ing system 864. Thus, the low-powered nodes using low-
power communication protocols are able to send mes-
sages across the entire smart-home environment 800 as
well as over the Internet 899 to cloud-computing system
864. According to embodiments, the mesh network en-
ables cloud-computing system 864 to regularly receive
data from all of the smart devices in the home, make
inferences based on the data, and send commands back
to one of the smart devices to accomplish some of the
smart-home objectives described herein.
[0102] As described, the spokesman nodes and some
of the low-powered nodes are capable of "listening." Ac-
cordingly, users, other devices, and cloud-computing
system 864 can communicate controls to the low-pow-
ered nodes. For example, a user can use the portable
electronic device (e.g., a smartphone) 866 to send com-
mands over the Internet 899 to cloud-computing system
864, which then relays the commands to the spokesman
nodes in the smart-home environment 800. The spokes-
man nodes drop down to a low-power protocol to com-
municate the commands to the low-power nodes
throughout the smart-home environment, as well as to
other spokesman nodes that did not receive the com-
mands directly from the cloud-computing system 864.
[0103] An example of a low-power node is a smart
nightlight 870. In addition to housing a light source, the
smart nightlight 870 houses an occupancy sensor, such
as an ultrasonic or passive IR sensor, and an ambient
light sensor, such as a photodiode, photoresistor, pho-
totransistor, or a single-pixel sensor that measures light
in the room. In some embodiments, the smart nightlight
870 is configured to activate the light source when its
ambient light sensor detects that the room is dark and
when its occupancy sensor detects that someone is in
the room. In other embodiments, the smart nightlight 870
is simply configured to activate the light source when its
ambient light sensor detects that the room is dark. Fur-
ther, according to embodiments, the smart nightlight 870
includes a low-power wireless communication chip (e.g.,
ZigBee chip) that regularly sends out messages regard-
ing the occupancy of the room and the amount of light in
the room, including instantaneous messages coincident
with the occupancy sensor detecting the presence of a
person in the room. As mentioned above, these messag-
es may be sent wirelessly, using the mesh network, from
node to node (i.e., smart device to smart device) within
the smart-home environment 800 as well as over the In-
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ternet 899 to cloud-computing system 864.
[0104] Other examples of low-powered nodes include
battery-operated versions of the hazard detectors 804.
These hazard detectors 804 are often located in an area
without access to constant and reliable (e.g., structural)
power and, as discussed in detail below, may include
any number and type of sensors, such as smoke/fire/heat
sensors, carbon monoxide/dioxide sensors, occupan-
cy/motion sensors, ambient light sensors, flame detec-
tors, air quality sensors (e.g., for VOCs, particulate matter
(e.g., PM 2.5), allergens, and other unhealthy contami-
nants such as NOx), temperature sensors, humidity sen-
sors, and the like. Furthermore, hazard detectors 804
can send messages that correspond to each of the re-
spective sensors to the other devices and cloud-comput-
ing system 864, such as by using the mesh network as
described above.
[0105] Examples of spokesman nodes include smart
doorbells 806, smart thermostats 802, smart wall switch-
es 808, and smart wall plugs 810. These devices 802,
806, 808, and 810 are often located near and connected
to a reliable power source, and therefore can include
more power-consuming components, such as one or
more communication chips capable of bidirectional com-
munication in any variety of protocols.
[0106] In some embodiments, the mesh network of
low-powered and spokesman nodes can be used to pro-
vide exit lighting in the event of an emergency. In some
instances, to facilitate this, users provide pre-configura-
tion information that indicates exit routes in the smart-
home environment 800. For example, for each room in
the house, the user provides a map of the best exit route.
It should be appreciated that instead of a user providing
this information, cloud-computing system 864 or some
other device could automatically determine the routes
using uploaded maps, diagrams, architectural drawings
of the smart-home house, as well as using a map gen-
erated based on positional information obtained from the
nodes of the mesh network (e.g., positional information
from the devices is used to construct a map of the house).
In operation, when an alarm is activated (e.g., when one
or more of the hazard detector 804 detects smoke and
activates an alarm), cloud-computing system 864 or
some other device uses occupancy information obtained
from the low-powered and spokesman nodes to deter-
mine which rooms are occupied and then turns on lights
(e.g., smart nightlights 870, wall switches 808, smart wall
plugs 810 that power lamps, etc.) along the exit routes
from the occupied rooms so as to provide emergency
exit lighting.
[0107] Further included and illustrated in the exempla-
ry smart-home environment 800 of FIG. 8 are service
robots 862 each configured to carry out, in an autono-
mous manner, any of a variety of household tasks. For
some embodiments, the service robots 862 can be re-
spectively configured to perform floor sweeping, floor
washing, etc. in a manner similar to that of known com-
mercially available devices such as the Roomba™ and

Scooba™ products sold by iRobot, Inc. of Bedford, Mas-
sachusetts. Tasks such as floor sweeping and floor
washing can be considered as "away" or "while-away"
tasks for purposes of the instant description, as it is gen-
erally more desirable for these tasks to be performed
when the occupants are not present. For other embodi-
ments, one or more of the service robots 862 are config-
ured to perform tasks such as playing music for an oc-
cupant, serving as a localized thermostat for an occu-
pant, serving as a localized air monitor/purifier for an oc-
cupant, serving as a localized baby monitor, serving as
a localized hazard detector for an occupant, and so forth,
it being generally more desirable for such tasks to be
carried out in the immediate presence of the human oc-
cupant. For purposes of the instant description, such
tasks can be considered as "human-facing" or "human-
centric" tasks.
[0108] When serving as a localized air monitor/purifier
for an occupant, a particular service robot 862 can be
considered to be facilitating what can be called a "per-
sonal health-area network" for the occupant, with the ob-
jective being to keep the air quality in the occupant’s im-
mediate space at healthy levels. Alternatively or in con-
junction therewith, other health-related functions can be
provided, such as monitoring the temperature or heart
rate of the occupant (e.g., using finely remote sensors,
near-field communication with on-person monitors, etc.).
When serving as a localized hazard detector for an oc-
cupant, a particular service robot 862 can be considered
to be facilitating what can be called a "personal safety-
area network" for the occupant, with the objective being
to ensure there is no excessive carbon monoxide, smoke,
fire, etc., in the immediate space of the occupant. Meth-
ods analogous to those described above for personal
comfort-area networks in terms of occupant identifying
and tracking are likewise applicable for personal health-
area network and personal safety-area network embod-
iments.
[0109] According to some embodiments, the above-
referenced facilitation of personal comfort-area net-
works, personal health-area networks, personal safety-
area networks, and/or other such human-facing function-
alities of the service robots 862, are further enhanced by
logical integration with other smart sensors in the home
according to rules-based inferencing techniques or arti-
ficial intelligence techniques for achieving better perform-
ance of those human-facing functionalities and/or for
achieving those goals in energy-conserving or other re-
source-conserving ways. Thus, for one embodiment re-
lating to personal health-area networks, the air moni-
tor/purifier service robot 862 can be configured to detect
whether a household pet is moving toward the currently
settled location of the occupant (e.g., using on-board sen-
sors and/or by data communications with other smart-
home sensors along with rules-based inferencing/artifi-
cial intelligence techniques), and if so, the air purifying
rate is immediately increased in preparation for the arrival
of more airborne pet dander. For another embodiment
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relating to personal safety-area networks, the hazard de-
tector service robot 862 can be advised by other smart-
home sensors that the temperature and humidity levels
are rising in the kitchen, which is nearby the occupant’s
current dining room location, and responsive to this ad-
visory, the hazard detector service robot 862 will tempo-
rarily raise a hazard detection threshold, such as a smoke
detection threshold, under an inference that any small
increases in ambient smoke levels will most likely be due
to cooking activity and not due to a genuinely hazardous
condition.
[0110] FIG. 9 illustrates a network-level view of an ex-
tensible devices and services platform 900 with which a
plurality of smart-home environments, such as the smart-
home environment 800 of FIG. 8, can be integrated. The
extensible devices and services platform 900 includes
cloud-computing system 864. Each of the intelligent, net-
work-connected devices 802, 804, 806, 808, 810, 812,
814, and 816 from FIG. 8 may communicate with cloud-
computing system 864. For example, a connection to the
Internet 899 can be established either directly (for exam-
ple, using 3G/4G connectivity to a wireless carrier),
through a hubbed network 912 (which can be a scheme
ranging from a simple wireless router, for example, up to
and including an intelligent, dedicated whole-home con-
trol node), or through any combination thereof.
[0111] Although in some examples provided herein,
the devices and services platform 900 communicates
with and collects data from the smart devices of smart-
home environment 800 of FIG. 8, it should be appreciated
that the devices and services platform 900 communi-
cates with and collects data from a plurality of smart-
home environments across the world. For example,
cloud-computing system 864 can collect home data 902
from the devices of one or more smart-home environ-
ments, where the devices can routinely transmit home
data or can transmit home data in specific instances (e.g.,
when a device queries the home data 902). Thus, the
devices and services platform 900 routinely collects data
from homes across the world. As described, the collected
home data 902 includes, for example, power consump-
tion data, occupancy data, HVAC settings and usage da-
ta, carbon monoxide levels data, carbon dioxide levels
data, volatile organic compounds levels data, sleeping
schedule data, cooking schedule data, inside and outside
temperature humidity data, television viewership data,
inside and outside noise level data, etc.
[0112] Cloud-computing system 864 can further pro-
vide one or more services 904. The services 904 can
include, e.g., software updates, customer support, sen-
sor data collection/logging, remote access, remote or dis-
tributed control, or use suggestions (e.g., based on col-
lected home data 902 to improve performance, reduce
utility cost, etc.). Data associated with the services 904
can be stored at cloud-computing system 864 and cloud-
computing system 864 can retrieve and transmit the data
at an appropriate time (e.g., at regular intervals, upon
receiving a request from a user, etc.).

[0113] As part of services 904, user accounts may be
maintained by the cloud-computing system 864. The user
account may store subscription information, billing infor-
mation, registration information, user preferences,
and/or other data associated with various smart-home
devices, such as one or more hazard detectors, installed
within a structure that is linked with a user account. Oc-
casionally, attention of a user to his or her user account
may be requested. In response to a query from hazard
detector 950 (or other smart-home device), a message
may be transmitted by the cloud-computing system 864
to hazard detector 950 (which may represent any of the
previously described hazard detectors) indicating that a
status output by hazard detector 950 should indicate that
a user is requested to log in to his or her user account.
Further detail regarding the requested log may be trans-
mitted by service 904 to hazard detector 950. For in-
stance, the reason for the requested login may be expired
payment information (such as an expired credit card).
The user can request detail on a status output by hazard
detector 950, which may be presented to the user as a
color and animation output via a light of hazard detector
950. The request for detail may be by performing a ges-
ture within the vicinity of hazard detector 950. A spoken
message may then be output by hazard detector 950
indicating that the user is requested to log in to his ac-
count and may also indicate the reason of the payment
information needing to be updated. As such, a status
check performed by hazard detector 950 may not only
check the status of hazard detector 950 itself, but also
the state of a remotely-maintained user account.
[0114] As illustrated in FIG. 9, an embodiment of the
extensible devices and services platform 900 includes a
processing engine 906, which can be concentrated at a
single server or distributed among several different com-
puting entities without limitation. The processing engine
906 can include computerized engines (e.g., software
executed by hardware) configured to receive data from
devices of smart-home environments (e.g., via the Inter-
net or a hubbed network), to index the data, to analyze
the data and/or to generate statistics based on the anal-
ysis or as part of the analysis. The analyzed data can be
stored as derived home data 908.
[0115] Results of the analysis or statistics can there-
after be transmitted back to the device that provided
home data used to derive the results, to other devices,
to a server providing a webpage to a user of the device,
or to other non-device entities. For example, use statis-
tics, use statistics relative to use of other devices, use
patterns, and/or statistics summarizing sensor readings
can be generated by the processing engine 906 and
transmitted. The results or statistics can be provided via
the Internet 899. In this manner, the processing engine
906 can be configured and programmed to derive a va-
riety of useful information from the home data 902. A
single server can include one or more engines.
[0116] In some embodiments, to encourage innovation
and research and to increase products and services

35 36 



EP 3 055 844 B1

20

5

10

15

20

25

30

35

40

45

50

55

available to users, the devices and services platform 900
exposes a range of application programming interfaces
(APIs) 910 to third parties, such as charities, governmen-
tal entities (e.g., the Food and Drug Administration or the
Environmental Protection Agency), academic institutions
(e.g., university researchers), businesses (e.g., providing
device warranties or service to related equipment, tar-
geting advertisements based on home data), utility com-
panies, and other third parties. The APIs 910 may be
coupled to and permit third-party systems to communi-
cate with cloud-computing system 864, including the
services 904, the processing engine 906, the home data
902, and the derived home data 908. For example, the
APIs 910 allow applications executed by the third parties
to initiate specific data processing tasks that are execut-
ed by cloud-computing system 864, as well as to receive
dynamic updates to the home data 902 and the derived
home data 908.
[0117] Account alert engine may serve to determine
whether a hazard detector should provide an indication
that the user’s account requires attention. For instance,
account alert engine 905 may periodically assess the
state of a user’s account, such as whether settings need
updating, whether payment information is up-to-date,
whether one or more messages are pending, whether
payment is due, etc. If user attention is required, upon a
request being received from a hazard detector and a look-
up of the user’s account being performed, account alert
engine may respond with an indication that the user ac-
count requires attention. Additional detail may also be
provided such that if the user performs a gesture or oth-
erwise requests additional detail, such detail can be pro-
vided, such as via an auditory message. If user attention
is not required, upon a request being received from a
hazard detector and a look-up of the user’s account being
performed (e.g., by determining an account associated
with the hazard detector from which the request was re-
ceived), account alert engine may respond with an indi-
cation that the user account does not require attention.
[0118] FIG. 1000 illustrates an abstracted functional
view of the extensible devices and services platform 900
of FIG. 9, with particular reference to the processing en-
gine 906 as well as devices, such as those of the smart-
home environment 800 of FIG. 8. Even though devices
situated in smart-home environments will have an end-
less variety of different individual capabilities and limita-
tions, they can all be thought of as sharing common char-
acteristics in that each of them is a data consumer 1065
(DC), a data source 1066 (DS), a services consumer
1067 (SC), and a services source 1068 (SS). Advanta-
geously, in addition to providing the essential control in-
formation needed for the devices to achieve their local
and immediate objectives, the extensible devices and
services platform 900 can also be configured to harness
the large amount of data that is flowing out of these de-
vices. In addition to enhancing or optimizing the actual
operation of the devices themselves with respect to their
immediate functions, the extensible devices and services

platform 900 can be directed to "repurposing" that data
in a variety of automated, extensible, flexible, and/or scal-
able ways to achieve a variety of useful objectives. These
objectives may be predefined or adaptively identified
based on, e.g., usage patterns, device efficiency, and/or
user input (e.g., requesting specific functionality).
[0119] For example, FIG. 10 shows processing engine
906 as including a number of paradigms 1071. Process-
ing engine 906 can include a managed services para-
digm 1071a that monitors and manages primary or sec-
ondary device functions. The device functions can in-
clude ensuring proper operation of a device given user
inputs, estimating that (e.g., and responding to an in-
stance in which) an intruder is or is attempting to be in a
dwelling, detecting a failure of equipment coupled to the
device (e.g., a light bulb having burned out), implement-
ing or otherwise responding to energy demand response
events, or alerting a user of a current or predicted future
event or characteristic. Processing engine 906 can fur-
ther include an advertising/communication paradigm
1071b that estimates characteristics (e.g., demographic
information), desires and/or products of interest of a user
based on device usage. Services, promotions, products
or upgrades can then be offered or automatically provid-
ed to the user. Processing engine 906 can further include
a social paradigm 1071c that uses information from a
social network, provides information to a social network
(for example, based on device usage), and/or processes
data associated with user and/or device interactions with
the social network platform. For example, a user’s status
as reported to his trusted contacts on the social network
could be updated to indicate when he is home based on
light detection, security system inactivation or device us-
age detectors. As another example, a user may be able
to share device-usage statistics with other users. In yet
another example, a user may share HVAC settings that
result in low power bills and other users may download
the HVAC settings to their smart thermostat 802 to reduce
their power bills.
[0120] The processing engine 906 can include a chal-
lenges/rules/compliance/rewards paradigm 1071d that
informs a user of challenges, competitions, rules, com-
pliance regulations and/or rewards and/or that uses op-
eration data to determine whether a challenge has been
met, a rule or regulation has been complied with and/or
a reward has been earned. The challenges, rules or reg-
ulations can relate to efforts to conserve energy, to live
safely (e.g., reducing exposure to toxins or carcinogens),
to conserve money and/or equipment life, to improve
health, etc. For example, one challenge may involve par-
ticipants turning down their thermostat by one degree for
one week. Those that successfully complete the chal-
lenge are rewarded, such as by coupons, virtual curren-
cy, status, etc. Regarding compliance, an example in-
volves a rental-property owner making a rule that no rent-
ers are permitted to access certain owner’s rooms. The
devices in the room having occupancy sensors could
send updates to the owner when the room is accessed.
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[0121] The processing engine 906 can integrate or oth-
erwise utilize extrinsic information 1073 from extrinsic
sources to improve the functioning of one or more
processing paradigms. Extrinsic information 1073 can be
used to interpret data received from a device, to deter-
mine a characteristic of the environment near the device
(e.g., outside a structure that the device is enclosed in),
to determine services or products available to the user,
to identify a social network or social-network information,
to determine contact information of entities (e.g., public-
service entities such as an emergency-response team,
the police or a hospital) near the device, etc., to identify
statistical or environmental conditions, trends or other
information associated with a home or neighborhood,
and so forth.
[0122] An extraordinary range and variety of benefits
can be brought about by, and fit within the scope of, the
described extensible devices and services platform 900,
ranging from the ordinary to the profound. Thus, in one
"ordinary" example, each bedroom of the smart-home
environment 800 can be provided with a smart wall switch
808, a smart wall plug 810, and/or smart hazard detectors
804, all or some of which include an occupancy sensor,
wherein the occupancy sensor is also capable of inferring
(e.g., by virtue of motion detection, facial recognition, au-
dible sound patterns, etc.) whether the occupant is
asleep or awake. If a serious fire event is sensed, the
remote security/monitoring service or fire department is
advised of how many occupants there are in each bed-
room, and whether those occupants are still asleep (or
immobile) or whether they have properly evacuated the
bedroom. While this is, of course, a very advantageous
capability accommodated by the described extensible
devices and services platform, there can be substantially
more "profound" examples that can truly illustrate the po-
tential of a larger "intelligence" that can be made availa-
ble. By way of perhaps a more "profound" example, the
same bedroom occupancy data that is being used for fire
safety can also be "repurposed" by the processing engine
906 in the context of a social paradigm of neighborhood
child development and education. Thus, for example, the
same bedroom occupancy and motion data discussed in
the "ordinary" example can be collected and made avail-
able (properly anonymized) for processing in which the
sleep patterns of schoolchildren in a particular ZIP code
can be identified and tracked. Localized variations in the
sleeping patterns of the schoolchildren may be identified
and correlated, for example, to different nutrition pro-
grams in local schools.
[0123] With reference to FIG. 11, an embodiment of a
special-purpose computer system 1100 is shown. For
example, one or more intelligent components, process-
ing system 110 and components thereof may be a spe-
cial-purpose computer system 1100. Such a special-pur-
pose computer system 1100 may be incorporated as part
of a hazard detector and/or any of the other computerized
devices discussed herein, such as a remote server, smart
thermostat, or network. The above methods may be im-

plemented by computer-program products that direct a
computer system to perform the actions of the above-
described methods and components. Each such compu-
ter-program product may comprise sets of instructions
(codes) embodied on a computer-readable medium that
direct the processor of a computer system to perform
corresponding actions. The instructions may be config-
ured to run in sequential order, or in parallel (such as
under different processing threads), or in a combination
thereof. After loading the computer-program products on
a general purpose computer system 1126, it is trans-
formed into the special-purpose computer system 1100.
[0124] Special-purpose computer system 1100 com-
prises a computer 1102, a monitor 1106 coupled to com-
puter 1102, one or more additional user output devices
1130 (optional) coupled to computer 1102, one or more
user input devices 1140 (e.g., keyboard, mouse, track
ball, touch screen) coupled to computer 1102, an optional
communications interface 1150 coupled to computer
1102, a computer-program product 1105 stored in a tan-
gible computer-readable memory in computer 1102.
Computer-program product 1105 directs computer sys-
tem 1100 to perform the above-described methods.
Computer 1102 may include one or more processors
1160 that communicate with a number of peripheral de-
vices via a bus subsystem 1190. These peripheral de-
vices may include user output device(s) 1130, user input
device(s) 1140, communications interface 1150, and a
storage subsystem, such as random access memory
(RAM) 1170 and non-volatile storage drive 1180 (e.g.,
disk drive, optical drive, solid state drive), which are forms
of tangible computer-readable memory.
[0125] Computer-program product 1105 may be
stored in non-volatile storage drive 1180 or another com-
puter-readable medium accessible to computer 1102
and loaded into random access memory (RAM) 1170.
Each processor 1160 may comprise a microprocessor,
such as a microprocessor from Intel® or Advanced Micro
Devices, Inc.®, or the like. To support computer-program
product 1105, the computer 1102 runs an operating sys-
tem that handles the communications of computer-pro-
gram product 1105 with the above-noted components,
as well as the communications between the above-noted
components in support of the computer-program product
1105. Exemplary operating systems include Windows®
or the like from Microsoft Corporation, Solaris® from Sun
Microsystems, LINUX, UNIX, and the like.
[0126] User input devices 1140 include all possible
types of devices and mechanisms to input information to
computer 1102. These may include a keyboard, a key-
pad, a mouse, a scanner, a digital drawing pad, a touch
screen incorporated into the display, audio input devices
such as voice recognition systems, microphones, and
other types of input devices. In various embodiments,
user input devices 1140 are typically embodied as a com-
puter mouse, a trackball, a track pad, a joystick, wireless
remote, a drawing tablet, a voice command system. User
input devices 1140 typically allow a user to select objects,
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icons, text and the like that appear on the monitor 1106
via a command such as a click of a button or the like.
User output devices 1130 include all possible types of
devices and mechanisms to output information from com-
puter 1102. These may include a display (e.g., monitor
1106), printers, non-visual displays such as audio output
devices, etc.
[0127] Communications interface 1150 provides an in-
terface to other communication networks, such as com-
munication network 1195, and devices and may serve
as an interface to receive data from and transmit data to
other systems, WANs and/or the Internet. Embodiments
of communications interface 1150 typically include an
Ethernet card, a modem (telephone, satellite, cable, IS-
DN), a (asynchronous) digital subscriber line (DSL) unit,
a FireWire® interface, a USB® interface, a wireless net-
work adapter, and the like. For example, communications
interface 1150 may be coupled to a computer network,
to a FireWire® bus, or the like. In other embodiments,
communications interface 1150 may be physically inte-
grated on the motherboard of computer 1102, and/or may
be a software program, or the like.
[0128] RAM 1170 and non-volatile storage drive 1180
are examples of tangible computer-readable media con-
figured to store data such as computer-program product
embodiments of the present invention, including execut-
able computer code, human-readable code, or the like.
Other types of tangible computer-readable media include
floppy disks, removable hard disks, optical storage media
such as CD-ROMs, DVDs, bar codes, semiconductor
memories such as flash memories, read-only-memories
(ROMs), battery-backed volatile memories, networked
storage devices, and the like. RAM 1170 and non-volatile
storage drive 1180 may be configured to store the basic
programming and data constructs that provide the func-
tionality of various embodiments of the present invention,
as described above.
[0129] Software instruction sets that provide the func-
tionality of the present invention may be stored in RAM
1170 and non-volatile storage drive 1180. These instruc-
tion sets or code may be executed by the processor(s)
1160. RAM 1170 and non-volatile storage drive 1180
may also provide a repository to store data and data
structures used in accordance with the present invention.
RAM 1170 and non-volatile storage drive 1180 may in-
clude a number of memories including a main random
access memory (RAM) to store instructions and data dur-
ing program execution and a read-only memory (ROM)
in which fixed instructions are stored. RAM 1170 and
non-volatile storage drive 1180 may include a file storage
subsystem providing persistent (non-volatile) storage of
program and/or data files. RAM 1170 and non-volatile
storage drive 1180 may also include removable storage
systems, such as removable flash memory.
[0130] Bus subsystem 1190 provides a mechanism to
allow the various components and subsystems of com-
puter 1102 to communicate with each other as intended.
Although bus subsystem 1190 is shown schematically

as a single bus, alternative embodiments of the bus sub-
system may utilize multiple busses or communication
paths within the computer 1102.
[0131] FIGS. 12-18 represent various illumination
states that may be output by a hazard detector, such as
the hazard detectors and other smart-home devices de-
tailed herein. Such illumination states may involve vari-
ous colors and animations. Synthesized or recorded spo-
ken audio messages may accompany at least some of
such illumination states as detailed in the charts of FIGS.
12-18. The majority of the time, it can be expected that
no light of a hazard detector will be illuminated. When
the light is illuminated, the hazard detector is conveying
a message (other than if light state 1203 is illuminated).
States 1201 and 1202, which involve blue and green il-
lumination, are illustrated in FIG. 12 and may be present-
ed during a set up process. State 1203 involves a con-
ditional illumination state, which can be referred to as a
"path light" state. Such a state may be illuminated in re-
sponse to motion and the brightness level in an ambient
environment of a hazard detector dropping below a
threshold brightness level. States 1204 and 1205 repre-
sent pre-alarm (pre-alert or early warning) states and
emergency (alert or alarm) states. State 1206 may be for
a separate light of the hazard detector that is indicative
of if a wired (e.g., non-battery) power source is connected
and available, such as a household’s 120 V AC power
supply. State 1207 may be used as part of a setup proc-
ess. For instance, "[device]" may be replaced with a spo-
ken indication of the brand name of the hazard detector.
State 1208 may be presented when a user presses a
button to test the hazard detector. State 1209 may rep-
resent a state that is indicative of a potential danger and
may server as an early warning. For state 1209 (and other
states having a similar designation), [room type] may be
replaced with a spoken indication of the type of room in
which the hazard detector is installed. At the time of in-
stallation, a user may have specified to the hazard de-
tector, such as via a selection menu, the type of room in
which the hazard detector was being installed. States
1210 and 1211 represent additional pre-alarm states.
States 1212, 1213, and 1214 represent various alarm
(alert) states. State 1215 may be output when a smoke
hazard is clearing. State 1216 may be output when a
carbon monoxide hazard is clearing. States 1217, 1218,
1219, 1220, 1221 represent states output in response to
a status check that identifies a problem with the hazard
detector. Such a state being output may require one or
more user actions to resolve.
[0132] Preferably, the voice advisories during emer-
gency-level alerts are interleaved in time during silent
periods between loud, shrieking tonal alarm patterns, so
as to comply with regulations such as National Fire Pro-
tection Association (NFPA) and Underwriters Laborato-
ries (UL) standards that require a maximum silence pe-
riod between tonal alarm patterns of 1.5 seconds (Ref
UL2034, UL217, NFPA72 and NFPA720).
[0133] It should be understood that the above detailed
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illumination states and audio messages are merely ex-
emplary. In various other embodiments, the colors, ani-
mations, definitions and/or audio messages may be mod-
ified.
[0134] In order to provide input to various embodi-
ments of the hazard detectors detailed herein, it may be
possible to perform a gesture to provide input, which may
result in silencing "nuisance" alarms - that is, alarms trig-
gered by a non-hazardous condition (e.g., burning toast).
Within a distance of approximately 2-6 feet of the hazard
detector, a wave of a user’s hand and arm can be de-
tected. In some embodiments, multiple waves must be
performed for the gesture to be detected. As detailed in
relation to FIG. 19, some of the pre-alert or alert states
may silenced, at least temporarily, by using a wave ges-
ture. In some situations, as noted in FIG. 19, certain sit-
uations preclude the alarm from being silenced. A wave
gesture can also be used for canceling a manual test
and/or to hear a detailed message when a visual status
is being presented via illumination. In some embodi-
ments, rather than performing a gesture, a user may push
a button (or physically actuate some other part) of the
hazard detector.
[0135] If multiple hazard detectors are present, all of
the hazard detectors may output light and sound of a
heads-up (pre-alert) or emergency (alert) situation is
present. To silence an alarm (either in the pre-alert or
alert state), the user may be required to perform the ges-
ture (or push a button) at the hazard detector that origi-
nally detected the hazard. Once the proper hazard de-
tector is silenced, each other hazard detector may be
silenced (based on wireless communication between the
hazard detectors).
[0136] Referring to FIG. 20, an exemplary situation of
when a heads-up (pre-alert) state is used. A gentle
heads-up (pre-alert) warns a user of a condition that has
risen above normal, but has not yet triggered a full alert
(emergency) state. Sounds and messages output during
a pre-alert state are intended to be less irritating and ur-
gent than messages during an alert state. By having such
a pre-alarm state, users may be less likely to disable a
hazard detector and, thus, the hazard detector may be
more likely to be functioning when needed.
[0137] As an example, at point 2010, the hazard de-
tector is monitoring its ambient environment for hazards,
such as smoke and carbon monoxide. An increased level
of carbon monoxide or smoke may be detected at point
2020. At such point, a pre-alert message and illumination
may be output to warn users of the impending conditions.
Such a pre-alert may involve a notable, but non-jarring
(in comparison to a shrieking emergency alarm sound),
bell or ringing sound. The notable but non-jarring sound
may be similar in intensity to the bell sound emitted by
an elevator when arriving at the target floor, which is
enough to notify but not so much as to unpleasantly jar
the user. A user may be permitted to silence such a
heads-up (pre-alert) message. At point 2030, a full alarm
may be sounded, which may involve a loud, shrill alarm

sound. At point 2040, a message (with an accompanying
illumination state) may be output indicative of normal con-
ditions resuming. Heads-up (pre-alert) states are asso-
ciated with a yellow illumination state while emergency
(alert) states are associated with red illumination states.
If the hazard level in the environment of the hazard de-
tector rises quickly, no pre-alert state may be entered by
the hazard detector. Rather, the alarm state may be di-
rectly entered from a monitoring state.
[0138] It should be noted that the methods, systems,
and devices discussed above are intended merely to be
examples. It must be stressed that various embodiments
may omit, substitute, or add various procedures or com-
ponents as appropriate. For instance, it should be appre-
ciated that, in alternative embodiments, the methods may
be performed in an order different from that described,
and that various steps may be added, omitted, or com-
bined. Also, features described with respect to certain
embodiments may be combined in various other embod-
iments. Different aspects and elements of the embodi-
ments may be combined in a similar manner. Also, it
should be emphasized that technology evolves and, thus,
many of the elements are examples and should not be
interpreted to limit the scope of the invention.
[0139] Specific details are given in the description to
provide a thorough understanding of the embodiments.
However, it will be understood by one of ordinary skill in
the art that the embodiments may be practiced without
these specific details. For example, well-known, proc-
esses, structures, and techniques have been shown with-
out unnecessary detail in order to avoid obscuring the
embodiments. This description provides example em-
bodiments only, and is not intended to limit the scope,
applicability, or configuration of the invention. Rather, the
preceding description of the embodiments will provide
those skilled in the art with an enabling description for
implementing embodiments of the invention. Various
changes may be made in the function and arrangement
of elements without departing from the scope of the in-
vention.
[0140] Also, it is noted that the embodiments may be
described as a process which is depicted as a flow dia-
gram or block diagram. Although each may describe the
operations as a sequential process, many of the opera-
tions can be performed in parallel or concurrently. In ad-
dition, the order of the operations may be rearranged. A
process may have additional steps not included in the
figure.

Claims

1. A method for detecting that a hazardous condition
is easing, the method comprising:

measuring, by a hazard detector (100), a first
amount of the hazardous condition present in
an ambient environment of the hazard detector,
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said first amount exceeding a first threshold, in-
dicating a pre-alarm level of the hazardous con-
dition, and being less than a second threshold,
indicating an alarm level of the hazardous con-
dition, the hazardous condition being selected
from the group consisting of smoke and carbon
monoxide;
setting (410), by the hazard detector, a mode of
the hazard detector to a pre-alarm state indica-
tive of the hazardous condition being present in
the ambient environment of the hazard detector;
measuring, by the hazard detector, a second
amount of the hazardous condition present in
the ambient environment of the hazard detector,
the second amount of the hazardous condition
being less than the first amount of the hazardous
condition;
determining (515), by the hazard detector, that
the second amount of the hazardous condition
present in the ambient environment of the haz-
ard detector is below a threshold hazardous con-
dition level while the mode of the hazard detector
is set to the pre-alarm state indicative of the haz-
ardous condition being present;
tracking (520), by the hazard detector, a time
period during which the amount of the hazard-
ous condition present in the ambient environ-
ment of the hazard detector has remained below
the threshold hazardous condition level while
the mode of the hazard detector is set to the pre-
alarm state indicative of the hazardous condition
being present;
determining (530), by the hazard detector, that
the time period has reached at least a threshold
duration, during such time period the amount of
the hazardous condition present in the ambient
environment of the hazard detector having re-
mained below the threshold hazardous condi-
tion level while the mode of the hazard detector
is set to the pre-alarm state indicative of the haz-
ardous condition being present; and
outputting (535), by the hazard detector, an in-
dication of the hazardous condition easing in re-
sponse to the time period being at least the
threshold duration.

2. The method for detecting that the hazardous condi-
tion is easing of claim 1, wherein outputting the in-
dication of the hazardous condition easing compris-
es:
outputting (535), by the hazard detector (100), an
auditory indication that comprises a spoken mes-
sage indicative of the hazardous condition easing.

3. The method for detecting that the hazardous condi-
tion is easing of claim 2, wherein the spoken mes-
sage indicative of the hazardous condition easing
comprises a spoken indication of a name of a room

in which the hazardous condition is easing.

4. The method for detecting that the hazardous condi-
tion is easing of claim 1, further comprising:
setting, by the hazard detector (100), the mode of
the hazard detector to a non-alarm state indicative
of the hazardous condition not being present in the
ambient environment of the hazard detector in re-
sponse to determining that the time period has
reached at least the threshold duration.

5. The method for detecting that the hazardous condi-
tion is easing of claim 1, further comprising:
determining (525), by the hazard detector (100), the
threshold duration based on a type of the hazardous
condition, wherein the threshold duration varies
based on whether the hazardous condition is smoke
or carbon monoxide.

6. The method for detecting that the hazardous condi-
tion is easing of claim 1, further comprising:

determining, by the hazard detector (100), one
or more event characteristics of the hazardous
condition; and
determining (525), by the hazard detector, the
threshold duration based on the one or more
event characteristics of the hazardous condi-
tion.

7. The method for detecting that the hazardous condi-
tion is easing of claim 1, further comprising:

receiving, by the hazard detector (100), from one
or more hazard detectors located in other rooms
of a structure in which the hazard detector is
installed, information indicative of the hazardous
condition; and
determining, by the hazard detector, the thresh-
old duration based on the received information
indicative of the hazardous condition from the
one or more hazard detectors located in other
rooms of the structure in which the hazard de-
tector is installed.

8. The method for detecting that the hazardous condi-
tion is easing of claim 1, further comprising:

measuring (610), by the hazard detector (100),
a humidity level in the ambient environment of
the hazard detector; and
determining, by the hazard detector, the thresh-
old duration based on the measured humidity
level.

9. A hazard detector (100), comprising:

a hazard sensor (12) that measures amounts of
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a hazardous condition present in an ambient en-
vironment of the hazard detector, the hazardous
condition being selected from the group consist-
ing of smoke and carbon monoxide;
an output device (130) that outputs information
into the ambient environment of the hazard de-
tector; and
a processing system (110) that comprises one
or more processors, the processing system be-
ing in communication with the output device and
the hazard sensor, the processing system being
configured to:

receive a first measurement of the first
amount of the hazard present in the ambient
environment of the hazard detector, said
first measurement exceeding a first thresh-
old indicating a pre-alarm level of the haz-
ardous condition, and being less than a sec-
ond threshold, indicating an alarm level of
the hazardous condition;
set (410) a mode of the hazard detector to
a pre-alarm state indicative of a hazardous
condition being present in the ambient en-
vironment of the hazard detector;
receive a second measurement of a second
amount of the hazardous condition present
in the ambient environment of the hazard
detector, the second amount of the hazard-
ous condition being less than the first
amount of the hazardous condition;
determine (415) that the second amount of
the hazardous condition present in the am-
bient environment of the hazard detector is
below a threshold hazardous condition level
while the mode of the hazard detector is set
to the pre-alarm state indicative of the haz-
ardous condition being present;
track (420) a time period during which the
amount of the hazardous condition present
in the ambient environment of the hazard
detector has remained below the threshold
hazardous condition level while the mode
of the hazard detector is set to the pre-alarm
state indicative of the hazardous condition
being present;
determine (425) that the time period has
reached at least a threshold duration, during
such time period the amount of the hazard-
ous condition present in the ambient envi-
ronment of the hazard detector having re-
mained below the threshold hazardous con-
dition level while the mode of the hazard
detector is set to the pre-alarm state indic-
ative of the hazardous condition being
present; and
cause (430) the output device to output an
indication of the hazardous condition easing

in response to the time period being at least
the threshold duration.

10. The hazard detector (100) of claim 9, wherein the
output device (120) is a speaker and the processing
system is configured to cause the output device to
output a spoken message indicative of the hazard-
ous condition easing in response to the time period
being at least the threshold duration.

11. The hazard detector (100) of claim 10, further com-
prising a processor-readable storage medium that
stores an indication of a type of room in which the
hazard detector is installed wherein the spoken mes-
sage comprises a spoken indication of the type of
room.

12. The hazard detector (100) of claim 9, wherein the
processing system is further configured to:
set the mode of the hazard detector to a pre-alarm
state indicative of the hazardous condition not being
present in the ambient environment of the hazard
detector in response to determining that the time pe-
riod has reached at least the threshold duration.

13. The hazard detector (100) of claim 9, wherein the
processing system is further configured to:
determine (525) the threshold duration based on a
type of the hazardous condition, wherein the thresh-
old duration varies based on whether the hazardous
condition is smoke or carbon monoxide.

14. The hazard detector (100) of claim 9, the hazard de-
tector comprising:
a humidity sensor (241) that measures humidity of
the ambient environment of the hazard detector,
wherein the processing system is further configured
to:

receive a measured humidity level from the hu-
midity sensor; and
determine the threshold duration based on the
measured humidity level.

15. The hazard detector (100) of claim 9, wherein the
processing system is further configured to:

receive from one or more hazard detectors lo-
cated in other rooms of a structure in which the
hazard detector is installed, information indica-
tive of the hazardous condition; and
determine the threshold duration based on the
received information indicative of the hazardous
condition from the one or more hazard detectors
located in other rooms of the structure in which
the hazard detector is installed.
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Patentansprüche

1. Verfahren zum Erkennen, dass sich eine Gefahren-
situation entspannt, wobei das Verfahren Folgendes
umfasst:

Messen, durch einen Gefahrendetektor (100),
eines ersten Ausmaßes der in einer umliegen-
den Umgebung des Gefahrendetektors vorlie-
genden Gefahrensituation, wobei das erste
Ausmaß einen ersten Schwellenwert über-
schreitet, der eine Voralarmstufe der Gefahren-
situation anzeigt, und kleiner als ein zweiter
Schwellenwert ist, der eine Alarmstufe der Ge-
fahrensituation anzeigt, wobei die Gefahrensi-
tuation ausgewählt ist aus der Gruppe beste-
hend aus Rauch und Kohlenmonoxid;
Einstellen (410), durch den Gefahrendetektor,
eines Modus des Gefahrendetektors auf einen
Voralarmzustand, der anzeigt, dass die Gefah-
rensituation in der umliegenden Umgebung des
Gefahrendetektors vorliegt;
Messen, durch den Gefahrendetektor, eines
zweiten Ausmaßes der in der umliegenden Um-
gebung des Gefahrendetektors vorliegenden
Gefahrensituation, wobei das zweite Ausmaß
der Gefahrensituation geringer als das erste
Ausmaß der Gefahrensituation ist;
Ermitteln (515), durch den Gefahrendetektor,
dass das zweite Ausmaß der in der umliegenden
Umgebung des Gefahrendetektors vorliegen-
den Gefahrensituation unterhalb eines Gefah-
rensituation-Schwellenpegels liegt, während
der Modus des Gefahrendetektors auf den Vo-
ralarmzustand eingestellt ist, der anzeigt, dass
die Gefahrensituation vorliegt;
Verfolgen (520), durch den Gefahrendetektor,
eines Zeitraums, während dessen das Ausmaß
der in der umliegenden Umgebung des Gefah-
rendetektors vorliegenden Gefahrensituation
unterhalb des Gefahrensituation-Schwellenpe-
gels geblieben ist, während der Modus des Ge-
fahrendetektors auf den Voralarmzustand ein-
gestellt ist, der anzeigt, dass die Gefahrensitu-
ation vorliegt;
Ermitteln (530), durch den Gefahrendetektor,
dass der Zeitraum zumindest eine Schwellen-
dauer erreicht hat, wobei, während dieses Zeit-
raums, das Ausmaß der in der umliegenden Um-
gebung des Gefahrendetektors vorliegenden
Gefahrensituation unterhalb des Gefahrensitu-
ation-Schwellenpegels geblieben ist, während
der Modus des Gefahrendetektors auf den Vo-
ralarmzustand eingestellt ist, der anzeigt, dass
die Gefahrensituation vorliegt; und
Ausgeben (535), durch den Gefahrendetektor,
einer Angabe darüber, dass sich die Gefahren-
situation entspannt, in Reaktion darauf, dass der

Zeitraum zumindest die Schwellendauer ist.

2. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 1, wobei das
Ausgeben der Angabe darüber, dass sich die Ge-
fahrensituation entspannt, umfasst:
Ausgeben (535), durch den Gefahrendetektor (100),
einer hörbaren Angabe, die eine gesprochene Nach-
richt umfasst, die angibt, dass sich die Gefahrensi-
tuation entspannt.

3. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 2, wobei die ge-
sprochene Nachricht, die angibt, dass sich die Ge-
fahrensituation entspannt, eine gesprochene Anga-
be eines Namens eines Raums umfasst, in dem sich
die Gefahrensituation entspannt.

4. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 1, ferner umfas-
send:
Einstellen, durch den Gefahrendetektor (100), des
Modus des Gefahrendetektors auf einen Nichtalarm-
zustand, der anzeigt, dass die Gefahrensituation in
der umliegenden Umgebung des Gefahrendetektors
nicht vorliegt, in Reaktion auf ein Ermitteln, dass der
Zeitraum zumindest die Schwellendauer erreicht
hat.

5. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 1, ferner umfas-
send:
Ermitteln (525), durch den Gefahrendetektor (100),
der Schwellendauer basierend auf einer Art der Ge-
fahrensituation, wobei die Schwellendauer basie-
rend darauf variiert, ob es sich bei der Gefahrensi-
tuation um Rauch oder Kohlenmonoxid handelt.

6. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 1, ferner umfas-
send:

Ermitteln, durch den Gefahrendetektor (100), ei-
nes oder mehrerer Ereignis-Charakteristika der
Gefahrensituation; und
Ermitteln (525), durch den Gefahrendetektor,
der Schwellendauer basierend auf dem einen
oder den mehreren Ereignis-Charakteristika der
Gefahrensituation.

7. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 1, ferner umfas-
send:

Empfangen, durch den Gefahrendetektor (100),
ausgehend von einem oder mehreren Gefah-
rendetektoren, die sich in anderen Räumen ei-
nes Gebäudes, in dem der Gefahrendetektor in-
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stalliert ist, befinden, von Informationen, die die
Gefahrensituation anzeigen; und
Ermitteln, durch den Gefahrendetektor, der
Schwellendauer basierend auf den empfange-
nen Informationen, die die Gefahrensituation
anzeigen, von dem einen oder den mehreren
Gefahrendetektoren, die sich in anderen Räu-
men des Gebäudes, in dem der Gefahrendetek-
tor installiert ist, befinden.

8. Verfahren zum Erkennen, dass sich die Gefahren-
situation entspannt, nach Anspruch 1, ferner umfas-
send:

Messen (610), durch den Gefahrendetektor
(100), eines Feuchtigkeitsniveaus in der umlie-
genden Umgebung des Gefahrendetektors; und
Ermitteln, durch den Gefahrendetektor, der
Schwellendauer basierend auf dem gemesse-
nen Feuchtigkeitsniveau.

9. Gefahrendetektor (100), umfassend:

einen Gefahrensensor (12), der ein Ausmaß ei-
ner Gefahrensituation misst, die in einer umlie-
genden Umgebung des Gefahrendetektors vor-
liegt, wobei die Gefahrensituation ausgewählt
ist aus der Gruppe bestehend aus Rauch und
Kohlenmonoxid;
ein Ausgabegerät (130), das Informationen in
die umliegende Umgebung des Gefahrendetek-
tors ausgibt; und
ein Verarbeitungssystem (110), das einen oder
mehrere Prozessoren umfasst, wobei das Ver-
arbeitungssystem mit dem Ausgabegerät und
dem Gefahrensensor in Verbindung steht, wo-
bei das Verarbeitungssystem konfiguriert ist:

eine erste Messung des ersten Ausmaßes
der in einer umliegenden Umgebung des
Gefahrendetektors vorliegenden Gefah-
rensituation zu empfangen, wobei die erste
Messung einen ersten Schwellenwert, der
eine Voralarmstufe der Gefahrensituation
anzeigt, überschreitet und kleiner ist als ein
zweiter Schwellenwert, der eine Alarmstufe
der Gefahrensituation anzeigt;
einen Modus des Gefahrendetektors auf ei-
nen Voralarmzustand einzustellen (410),
der anzeigt, dass die Gefahrensituation in
der umliegenden Umgebung des Gefahren-
detektors vorliegt;
eine zweite Messung eines zweiten Ausma-
ßes der in der umliegenden Umgebung des
Gefahrendetektors vorliegenden Gefah-
rensituation zu empfangen, wobei das zwei-
te Ausmaß der Gefahrensituation geringer
als das erste Ausmaß der Gefahrensituati-

on ist;
zu ermitteln (415), dass das zweite Ausmaß
der in der umliegenden Umgebung des Ge-
fahrendetektors vorliegenden Gefahrensi-
tuation unterhalb eines Gefahrensituation-
Schwellenpegels liegt, während der Modus
des Gefahrendetektors auf den Voralarm-
zustand eingestellt ist, der anzeigt, dass die
Gefahrensituation vorliegt;
einen Zeitraum zu verfolgen (420), während
dessen das Ausmaß der in der umliegen-
den Umgebung des Gefahrendetektors vor-
liegenden Gefahrensituation unterhalb des
Gefahrensituation-Schwellenpegels ge-
blieben ist, während der Modus des Gefah-
rendetektors auf den Voralarmzustand ein-
gestellt ist, der anzeigt, dass die Gefahren-
situation vorliegt;
zu ermitteln (425), dass der Zeitraum zu-
mindest eine Schwellendauer erreicht hat,
wobei, während dieses Zeitraums, das Aus-
maß der in der umliegenden Umgebung des
Gefahrendetektors vorliegenden Gefah-
rensituation unterhalb des Gefahrensituati-
on-Schwellenpegels geblieben ist, wäh-
rend der Modus des Gefahrendetektors auf
den Voralarmzustand eingestellt ist, der an-
zeigt, dass die Gefahrensituation vorliegt;
und
das Ausgabegerät in Reaktion darauf, dass
der Zeitraum zumindest die Schwellendau-
er ist, zu veranlassen (430), eine Angabe
darüber auszugeben, dass sich die Gefah-
rensituation entspannt.

10. Gefahrendetektor (100) nach Anspruch 9, wobei das
Ausgabegerät (120) ein Lautsprecher ist und das
Verarbeitungssystem konfiguriert ist, das Ausgabe-
gerät zu veranlassen, in Reaktion darauf, dass der
Zeitraum zumindest die Schwellendauer ist, eine ge-
sprochene Nachricht auszugeben, die angibt, dass
sich die Gefahrensituation entspannt.

11. Gefahrendetektor (100) nach Anspruch 10, umfas-
send ein prozessorlesbares Speichermedium, das
eine Angabe einer Art eines Raumes, in dem der
Gefahrendetektor installiert ist, speichert, wobei die
gesprochene Nachricht eine gesprochene Angabe
der Art des Raums umfasst.

12. Gefahrendetektor (100) nach Anspruch 9, wobei das
Verarbeitungssystem ferner konfiguriert ist:
den Modus des Gefahrendetektors in Reaktion auf
ein Ermitteln, dass der Zeitraum zumindest die
Schwellendauer erreicht hat, auf einen Voralarmzu-
stand einzustellen, der anzeigt, dass die Gefahren-
situation in der umliegenden Umgebung des Gefah-
rendetektors nicht vorliegt.
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13. Gefahrendetektor (100) nach Anspruch 9, wobei das
Verarbeitungssystem ferner konfiguriert ist:
die Schwellendauer basierend auf einer Art der Ge-
fahrensituation zu ermitteln (525), wobei die Schwel-
lendauer basierend darauf variiert, ob es sich bei der
Gefahrensituation um Rauch oder Kohlenmonoxid
handelt.

14. Gefahrendetektor (100) nach Anspruch 9, wobei der
Gefahrendetektor Folgendes umfasst:
einen Feuchtigkeitssensor (241), der die Feuchtig-
keit der umliegenden Umgebung des Gefahrende-
tektors misst, wobei das Verarbeitungssystem ferner
konfiguriert ist:

ein gemessenes Feuchtigkeitsniveau von dem
Feuchtigkeitssensor zu empfangen; und
die Schwellendauer basierend auf dem gemes-
senen Feuchtigkeitsniveau zu ermitteln.

15. Gefahrendetektor (100) nach Anspruch 9, wobei das
Verarbeitungssystem ferner konfiguriert ist:

von einem oder mehreren Gefahrendetektoren,
die sich in anderen Räumen eines Gebäudes,
in dem der Gefahrendetektor installiert ist, be-
finden, Informationen zu empfangen, die die Ge-
fahrensituation anzeigen; und
die Schwellendauer basierend auf den empfan-
genen Informationen, die die Gefahrensituation
anzeigen, von dem einen oder den mehreren
Gefahrendetektoren, die sich in anderen Räu-
men des Gebäudes, in dem der Gefahrendetek-
tor installiert ist, befinden, zu ermitteln.

Revendications

1. Procédé pour la détection de la détente d’une con-
dition dangereuse, le procédé comprenant :

la mesure, par un détecteur de danger (100),
d’une première quantité de la condition dange-
reuse présente dans un environnement ambiant
du détecteur de danger, ladite première quantité
dépassant un premier seuil, indiquant un niveau
de pré-alarme de la condition dangereuse, et
étant inférieur à un deuxième seuil, indiquant un
niveau d’alarme de la condition dangereuse, la
condition dangereuse étant choisie dans le
groupe constitué de fumée et de monoxyde de
carbone ;
le réglage (410), par le détecteur de danger, d’un
mode du détecteur de danger à un état de pré-
alarme indicatif de la présence de la condition
dangereuse dans l’environnement ambiant du
détecteur de danger ;
la mesure, par le détecteur de danger, d’une se-

conde quantité de la condition dangereuse pré-
sente dans l’environnement ambiant du détec-
teur de danger, la deuxième quantité de la con-
dition dangereuse étant inférieur à la première
quantité de la condition dangereuse ;
la détermination (515), par le détecteur de dan-
ger, que la deuxième quantité de la condition
dangereuse présente dans l’environnement
ambiant du détecteur de danger est inférieure à
un niveau seuil de condition dangereuse pen-
dant que le mode du détecteur de danger est
réglé sur l’état de pré-alarme indicatif de la pré-
sence de la condition dangereuse ;
le suivi (520), par le détecteur de danger, d’une
période de temps pendant laquelle la quantité
de la condition dangereuse présente dans l’en-
vironnement ambiant du détecteur de danger
est restée inférieure au niveau seuil de condition
dangereuse, pendant que le mode du détecteur
de danger est réglé sur l’état de pré-alarme in-
dicatif de la présence de la condition
dangereuse ;
la détermination (530), par le détecteur de dan-
ger, que la période de temps a atteint au moins
une durée de seuil, pendant laquelle période la
quantité de la condition dangereuse présente
dans l’environnement ambiant du détecteur de
danger étant restée inférieure au niveau seuil
de condition dangereuse, pendant que le mode
du détecteur de danger est réglé sur l’état de
pré-alarme indicatif de la présence de la condi-
tion dangereuse ; et
l’émission (535), par le détecteur de danger,
d’une indication de la détente de la condition
dangereuse en réponse à la période de temps
étant d’au moins la durée de seuil.

2. Procédé pour la détection de la détente de la condi-
tion dangereuse selon la revendication 1, dans le-
quel l’émission de l’indication de la détende de la
condition dangereuse comprend :
l’émission (535), par le détecteur de danger (100),
d’une indication auditive qui comprend un message
oral indicatif de la détente de la condition dangereu-
se.

3. Procédé pour la détection de la détende de la con-
dition dangereuse selon la revendication 2, dans le-
quel le message oral indicatif de la détente de la
condition dangereuse comprend une indication orale
d’un nom d’une pièce dans laquelle la condition dan-
gereuse se détend.

4. Procédé pour la détection de la détende de la con-
dition dangereuse selon la revendication 1, compre-
nant en outre :
le réglage, par le détecteur de danger (100), du mode
du détecteur de danger à un état hors alarme indicatif
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de la non-présence de la condition dangereuse dans
l’environnement ambiant du détecteur de danger en
réponse à la détermination que la période de temps
a atteint au moins la durée de seuil.

5. Procédé pour la détection de la détende de la con-
dition dangereuse selon la revendication 1, compre-
nant en outre :
la détermination (525), par le détecteur de danger
(100), de la durée de seuil sur la base d’un type de
la condition dangereuse, où la durée de seuil varie
selon que la condition dangereuse est de la fumée
ou du monoxyde de carbone.

6. Procédé pour la détection de la détende de la con-
dition dangereuse selon la revendication 1, compre-
nant en outre :

la détermination, par le détecteur de danger
(100), d’une ou plusieurs caractéristiques d’évé-
nement de la condition dangereuse ; et
la détermination (525), par le détecteur de dan-
ger, de la durée de seuil sur la base de l’une ou
plusieurs caractéristiques d’événement de la
condition dangereuse.

7. Procédé pour la détection de la détende de la con-
dition dangereuse selon la revendication 1, compre-
nant en outre :

la réception, par le détecteur de danger (100),
à partir d’un ou plusieurs détecteurs de danger
situés dans d’autres salles d’une structure dans
laquelle le détecteur de danger est installé, d’in-
formations indicatives de la condition
dangereuse ; et
la détermination, par le détecteur de danger, de
la durée de seuil sur la base des informations
indicatives de la condition dangereuse reçues à
partir de l’un ou plusieurs détecteurs de danger
situés dans d’autres salles de la structure dans
laquelle le détecteur de danger est installé.

8. Procédé pour la détection de la détende de la con-
dition dangereuse selon la revendication 1, compre-
nant en outre :

la mesure (610), par le détecteur de danger
(100), d’un niveau d’humidité dans l’environne-
ment ambiant du détecteur de danger ; et
la détermination, par le détecteur de danger, de
la durée de seuil sur la base du niveau d’humi-
dité mesuré.

9. Détecteur de danger (100), comprenant :

un capteur de danger (12) qui mesure des quan-
tités d’une condition dangereuse présente dans

un environnement ambiant du détecteur de dan-
ger, la condition dangereuse étant choisie dans
le groupe constitué de fumée et de monoxyde
de carbone ;
un dispositif de sortie (130) qui émet des infor-
mations sur l’environnement ambiant du détec-
teur de danger ; et
un système de traitement (110) qui comprend
un ou plusieurs processeurs, le système de trai-
tement étant en communication avec le dispo-
sitif de sortie et le capteur de danger, le système
de traitement étant configuré pour :

recevoir une première mesure de la premiè-
re quantité du danger présent dans l’envi-
ronnement ambiant du détecteur de dan-
ger, ladite première mesure dépassant un
premier seuil indiquant un niveau de pré-
alarme de la condition dangereuse, et étant
inférieure à un deuxième seuil, indiquant un
niveau d’alarme de la condition
dangereuse ;
régler (410) un mode du détecteur de dan-
ger à un état de pré-alarme indicatif de la
présence d’une condition dangereuse dans
l’environnement ambiant du détecteur de
danger ;
recevoir une seconde mesure d’une deuxiè-
me quantité de la condition dangereuse pré-
sente dans l’environnement ambiant du dé-
tecteur de danger, la deuxième quantité de
la condition dangereuse étant inférieure à
la première quantité de la condition
dangereuse ;
déterminer (415) que la deuxième quantité
de la condition dangereuse présente dans
l’environnement ambiant du détecteur de
danger est inférieure à un niveau seuil de
condition dangereuse pendant que le mode
du détecteur de danger est réglé sur l’état
de pré-alarme indicatif de la présence de la
condition dangereuse ;
suivre (420) une période de temps pendant
laquelle la quantité de la condition dange-
reuse présente dans l’environnement am-
biant du détecteur de danger est restée in-
férieure au niveau seuil de condition dan-
gereuse pendant que le mode du détecteur
de danger est réglé sur l’état de pré-alarme
indicatif de la présence de la condition
dangereuse ;
déterminer (425) que la période de temps
a atteint au moins une durée de seuil, pen-
dant laquelle période la quantité de la con-
dition dangereuse présente dans l’environ-
nement ambiant du détecteur de danger de-
meurant inférieure au niveau seuil de con-
dition dangereuse pendant que le mode du
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détecteur de danger est réglé sur l’état de
pré-alarme indicatif de la présence de la
condition dangereuse ; et
amener (430) le dispositif de sortie à émet-
tre une indication de la détende de la con-
dition dangereuse en réponse à la période
de temps étant d’au moins la durée de seuil.

10. Détecteur de danger (100) selon la revendication 9,
dans lequel le dispositif de sortie (120) est un haut-
parleur et le système de traitement est configuré
pour amener le dispositif de sortie à émettre un mes-
sage vocal indicatif de la détente de la condition dan-
gereuse en réponse à la période de temps étant d’au
moins la durée de seuil.

11. Détecteur de danger (100) selon la revendication 10,
comprenant en outre un support de stockage lisible
par processeur qui stocke une indication d’un type
de salle dans lequel le détecteur de danger est ins-
tallé, où le message oral comprend une indication
orale du type de salle.

12. Détecteur de danger (100) selon la revendication 9,
dans lequel le système de traitement est en outre
configuré pour :
régler le mode du détecteur de danger à un état de
pré-alarme indicatif de la non-présence de la condi-
tion dangereuse dans l’environnement ambiant du
détecteur de danger en réponse à la détermination
que la période de temps a atteint au moins la durée
de seuil.

13. Détecteur de danger (100) selon la revendication 9,
dans lequel le système de traitement est en outre
configuré pour :
déterminer (525) la durée de seuil sur la base d’un
type de la condition dangereuse, où la durée de seuil
varie selon que la condition dangereuse est de la
fumée ou du monoxyde de carbone.

14. Détecteur de danger (100) selon la revendication 9,
le détecteur de danger comprenant :
un capteur d’humidité (241) qui mesure l’humidité
de l’environnement ambiant du détecteur de danger,
où le système de traitement est en outre configuré
pour :

recevoir un niveau d’humidité mesuré à partir
du capteur d’humidité ; et
déterminer la durée de seuil sur la base du ni-
veau d’humidité mesuré.

15. Détecteur de danger (100) selon la revendication 9,
dans lequel le système de traitement est en outre
configuré pour :

recevoir, à partir d’un ou plusieurs détecteurs

de danger situés dans d’autres salles d’une
structure dans laquelle le détecteur de danger
est installé, des informations indicatives de la
condition dangereuse ; et
déterminer la durée de seuil sur la base des in-
formations indicatives de la condition dangereu-
se reçues à partir de l’un ou plusieurs détecteurs
de danger situés dans d’autres salles de la struc-
ture dans laquelle le détecteur de danger est
installé.
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